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FOREWORD 


This report was submitted by Acurex Corporation/ Aerotherm Division, 485 
Clyde Avenue, Mountain View, CA 94042 under contract F04611-74-C-0023, 
Job Order No. 305909HU with the Air Force Rocket Propulsion Laboratory, 
Edwards AFB, California 93523. 


Contract work was performed in the period 1 May 1974 to 31 July 1976 and was 
documented in this final report and in a second final report (AFRPL-TR-75-71) 
which is classified CONFIDENTIAL. In addition to the final reports and other 
written documentation, a 2-day seminar was conducted by Aerotherm at its 
Mountain View facility to present contract results to the rocket motor com- 
munity in a timely fashion. The Aerotherm work was managed by Mr. Roger J. 
Bedard, Manager, Propulsion Systems, and the Air Force Technical Monitor 

was Mr. William F. Payne. 


This report has been reviewed by the Information Office/DOZ and is releas- 
able to the National Technical Information Service (NTIS). At NTIS it will 
be available to the general public, including foreign nations. This report 
is unclassified and suitable for general public release. 
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The Aerotherm GASKET code was modified. The modified code, entitled 
GASKET2, includes a generalized computational scheme for combined equilib- 
rium - nonequilibrium systems, sublimation kinetics, and an expanded 
thermochemistry data bank including the Duff-Bauer hydrocarbon species. 
GASKET2 predicts higher ablation rates than GASKET at surface temperatures 
above 5500°R. Both codes predict virtually equal ablation rates at surface 
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SUMMARY 


' Recent studies at Aerotherm have shown that the accuracy and versatility of the GASKET code 
can be improved by some minor code modifications. These modifications were identified and incorpo- 
rated into the GASKET code. The modified code, entitled GASKET2, includes a generalized computa- 

F tional scheme for combined equilibrium-nonequilibrium systems, sublimation kinetics, and an expanded 
thermochemistry data bank including the Duff-Bauer hydrocarbon species. With these modifications, 
GASKET2 predicts higher ablation rates than GASKET at surface temperatures above 5500°R. These rates 
reach the asymptotic diffusion controlled value at the high temperature limit. At surface temperatures 
below 5500°R, however, both codes predict results with insignificant discrepancies. In addition to 
the improved predictions, GASKET2 will also accept a larger number of surface kinetically controlled 
reactions than GASKET (limited to three). This will allow reactants other than the three currently 
used; namely, H,0, CO, and Ho. 

In addition to the above modifications, GASKET2 was updated to include the surface kinetics 
of the following graphitic materials: 


e@ 15% SiC/PG 

@ ATJ bulk graphite 

@ G-90 bulk graphite 

@ Pyrocarb 901 carbon/carbon 

e@ Carbitex 700 carbon/carbon 

e@ C plane pyrolytic graphite (improved kinetics) 


Kinetic reaction rates for these materials were obtained from arc plasma generator and rocket motor 


data. 


This report was prepared in two parts. The first part describes the code modifications and 


Also, a brief description of the GASKET2 output 


F updates to GASKET. The differences between GASKET and GASKET2 are illustrated in terms of computa- 
, 
tional scheme and surface ablation rate predictions. 


is included, so that users can use this code more effectively. The second part of the report con- 
tains an updated user's manual, a partial listing of GASKET2 which shows the locations where FORTRAN 
changes were made to GASKET, and three sample problems. Finally, it should be noted that this report 


serves only as an addendum to the earlier published GASKET reports. 


SECTION 1 
CODE MODIFICATIONS AND UPDATES 


The Graphite Surface Kinetics (GASKET) computer code, developed under USAF Contract 
F04611-69-C-0081, was designed to calculate graphite surface thermochemical ablation rates as a 
result of exposure to propellant gases. The mathematical model, employed by GASKET, accounts for 


such thermophysical phenomena as: 


e Diffusion of the reactive species from the boundary layer edge to the gaseous region 


adjacent to the carbon surface 
e Adsorption of the reactive species to an active site on the carbon surface 
e@ Formation of reaction products at the carbon surface 
@ Desorption of reaction products from the carbon surface 
e Diffusion of reaction products into the boundary layer 


Among all possible heterogeneous reactions occurring at the surface, only the following three were 


considered to be important at the temperature range and environments of interest: 
c* + H,0 + Hy + CO 
c 


c* + CO, = 20 


++ 


2c* + H C 


z Se 

" | Also under the same contract, the surface kinetics of the following materials were correlated: 
@ A-b plane pyrolytic graphite 
@ C plane pyrolytic graphite 
@ Bulk graphite 


These correlations were then implemented into GASKET. 


GASKET has been used extensively in rocket motor applications. The surface temperature range 
for this type of application is normally between 3000°R and 6000°R. For these applications, GASKET 


Predicts satisfactory results. 
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Recently, the trend of rocket nozzle design has been altered somewhat. Instead of burning 
the conventional propellant and fabricating rocket nozzles with pyrolytic graphite, higher enthalpy 
propellants and graphitic materials such as carbon/carbon composite and bulk graphite are used. The 
introduction of these new elements into the rocket technology necessitated the assessment of the pre- 
diction ability of GASKET in a temperature range exceeding 6000°R and the correlation of the ablation 
kinetics of these graphitic materials. Under USAF Contract F04611~74-C-0023, GASKET was modified 
to handle the high temperature calculations, and was updated to contain the surface kinetics of the 


graphitic materials that were correlated under the same contract, 


11 GENERAL EQUILIBRIUM-NONEQUILIBRIUM COMPUTATIONAL SCHEME 


As mentioned previously, the thermochemical ablation of graphite materials as a result of 


exposure to propellant gases is assumed to be controlled by the following heterogeneous reactions: 


se 
C* + Hp0 * CO + Hp 
c* + CO, = 200 
2c* + Hy + CoH, 


This kinetic model appears to be a viable assumption in the temperature range between 3000°R and 
6000°R as satisfactory predictions have been obtained. However, as surface temperature exceeds 
6000°R, other surface activities may become significant, e.g,, sublimation, Due to the intrinsic 
weakness of the computational scheme used in GASKET, the inclusion of more than three surface 
reactions may encounter difficulties (see Reference 1 for detailed discussion), Since more surface 
reactions are required to be considered in high temperature predictions, it is necessary that such 


an intrinsic weakness be removed by using a more general computational scheme, 


GASKET was modified to accommodate more surface reactions, This capability was made possible 
by allowing reactants and products to be base as well as nonbase species (see Reference 2). Through 
internal bookkeeping, the net generation rate for each base species is calculated without the com- 


plication of introducing a fictitious base species (as was done in the previous version ef GASKET), 


A comparison of the computational procedures for the two versions of GASKET is demonstrated 
schematically in Figure 1. A (H, 0) composition edge-gas reaction with a carbon surface was taken 


as an illustrative example, As can be seen, a fictitious base species (in this case, C05) was created 


in order to accommodate the three kinetically controlled reactions in the previous version of GASKET, 
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If more kinetically controlled reactions are required ~ore fictitious base species should be created 
accordingly. In addition, since gas phase species are in equilibrium, an artificial infinite rate 
reaction is required to allow subsystems 1 and 2 to equilibrate. 


In contrast, GASKET2 is more versatile. The number of kinetically controlled reactions that 
can be input to the program is virtually unlimited, while the number of base species remains un-~ 
changed. Furthermore, -h* input procedure for GASKET2 is simpler, as can be seen from the updated 


input instructions. 


1.2 SUBLIMATION KINETICS 


The Knudsen-Langmuir (Reference 3) carbon vaporization kinetics have been incorporated into 


GASKET2. The expression is: 
eq (n = 1 to 5) 


where Me is the mass flux in lbm/ft?-sec for the carbon vapor species Cys ae is the dimensionless 
n 1) 


vaporization coefficient, ie and Po are the equilibrium and actual partial pressures of species 
eq n 
Cys T is the surface temperature, and Mc is the molecular weight. The built-in values of or in 
n n 


GASKET2 are as follows: 


a. = .26) 
C 

A = 012 

a. = .130 
Cy 

%, = ,00096 


The incorporation of sublimation kinetics is necessary for high temperature calculations. 


It not only predicts the ablation rate due to sublimation, it also drives the predicted ablation 


rates to the correct asymptotic ablation value at the high temperature limit. 


ie3 THERMOCHEMICAL EQUILIBRIUM DATA 


The determination of a thermodynamic state of a chemical reacting system requires the input 
of thermochemical equilibrium data describing the formation of each species. In a particular tem- 
perature and pressure range of interest, some species can be neglected without affecting the accuracy 
of the calculation significantly. However, it does not guarantee the same accuracy can be maintained 
when the range has been surpassed. Therefore, a screening study was initiated to evaluate the built-in 


thermochemical equilibrium data in GASKET for high temperature calculations. 


The results of the evaluation show that the Duff-Bauer hydrocarbon species, formed favorably 
at temperatures above 6000°R but not below, should be included in the built-in data bank. With the 
inclusion of the Duff-Bauer hydrocarbon species, GASKET2 predicts higher ablation rates at or above 
5500°R. The reason for the increase in the predicted ablation rate is due to a significant increase 
in the formation of C3H at temperatures above 5500°R. Carbon molecules which ablate to the gas phase 
through surface reactions are quickly reacted to form CH. Therefore, a larger carbon sink exists 
in the gas phase with C3H species than the one without. Furthermore, the existence of C3H species 


can alter the reactive species concentration at the carbon surface, and hence the ablation rates. 


1.4 COMPARISONS OF GASKET AND GASKET2 PREDICTIONS 


A sample problem was run to compare the predictions from GASKET and GASKET2. The selected 
problem considers the thermochemical ablation at the exit cone location of the rocket nozzle when 
exposed to PEG/FEFO propellant. The surface material was assumed to be bulk graphite. The compar- 
ison of the two solutions in terms of B' versus Le is shown in Figure 2. Also shown in this figure 
is the surface equilibrium solution which serves as the baseline solution. As can be seen, both 
GASKET and GASKET2 solutions predicted B' values below the surface equilibrium value at surface tem- 
peratures below 5500°R. This indicates that the surface reactions are kinetically controlled. Also, 
note that both solutions agree with each other with less than 10 percent discrepancy. As the surface 
temperature exceeds 5500°R, the B' predicted by GASKET2 gradually approaches the surface equilibrium 
value, whereas the GASKET B' is still markedly below and has no trend of approaching the surface 


equilibrium B'. 
From the results of this comparison, the following conclusions can be drawn: 


@ Both GASKET and GASKET2 predict similar results at or below 5500°R 


@ At the upper temperature limit, GASKET2 has the correct asymptotic functional behavior 
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Figure 2. Comparison of GASKET and GASKET2 predictions. 
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Vag) DESCRIPTION OF GASKET2 OUTPUT ON TRANSPORT PROPERTIES AND SURFACE KINETICS INFORMATION 


There are concerns by the users of whether GASKET2 computes transport properties based on 
both gas and condensed phase species, or on gas phase species alone. It is the purpose of this sec- 
tion to clarify that these properties are computed based on gas phase species only. The reason for ne- 
glecting condensed species is due to the ccmmon belief within the rocket community that condensed 
species have a small influence on boundary layer events.* For those users who also use ACE 
(Aerotherm Chemical Equilibrium code) to perform their inviscid flow field calculations, it should 
be noted that those transport properties are calculated including both gas and condensed phase 
species. Therefore, the user should evaluate the implications if those transport properties are 


being used. 


For those users who are interested in obtaining information on how each individual heteroge- 
neous reaction contributes to the total ablation rate, this information is also contained in the 
GASKET2 output. As an illustration, part of the GASKET2 output was extracted and presented in 
Figures 3 and 4. Figure 3 shows the printout of the built-in or input surface kinetic constants 
for each surface reaction. Note that the preexponential factor is normalized by the mass transfer 
coefficient (0,4 ,Cy)- Shown at the bottom of Figure 4 for each surface reaction are the ablation 
rate and the ratio of the forward rate and the backward rate indicating how close the reaction is 
to being in equilibrium. By summing the net rates of all the surface reactions according to the 


following equation, the sum should be equal to B’. 
N 
Bi = Mig Living 


[Net Ratel 
i=l 


N is the total number of surface reactions, and Vow is the stoichmetric coefficient of carbon 
for reaction i which can be obtained from the printout for surface kinetics information 


(see Figure 3). 


"This is probably a valid assumption for regions near the nozzle throat; however, the nosecap and 
exit cone regions must be evaluated more carefully. 
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SECTION 2 
INPUT INSTRUCTION MANUAL 


GASKET2 INPUT 


This section defines the format and significance of each field of the input data card deck 


for the modified Aerotherm Graphite Surface Kinetics (GASKET2) program. In the most general case, 


the input consists of eight card sets. These are: 
1. CONTROL CARD 
2. FROZEN-EDGE TEMPERATURE ARRAY 
3. SURFACE TEMPERATURE ARRAY 
ELEMENTAL COMPOSITION 
DIFFUSION FACTOR DATA 
SPECIES THERMOCHEMICAL EQUILIBRIUM DATA 
OBLIQUE OR NORMAL SHOCK DATA 
8. REACTION RATE DATA 


Card Set 1 is a control card which contains a 10-element array, KRK(I). This array controls 
most of the program options and tells the program what to expect from the remaining card sets. Few 
problems require all card sets since, in most cases, the user will wish to utilize the data built 


into the GASKET program to replace card sets 2, 3, 5, 6, and 8. The card sets are described in detail 


in this section. 


CARD SET _1 — CONTROL CARD (2 Cards) 


CARD 1 


FIELD 1 (Columns 1-10, Format 1011) the variable array KRK(10) which is used to con- 
trol the various program options. 


COLUMN 1 -- EDGE THERMODYNAMIC STATE 


Input 
Static state behind shock, upstream conditions input 
(card set 7) 
Same as 1, except stagnation state behind shock 
Isentropic expansion from input chamber conditions 
Static state behind shock, upstream conditions calculated 
via isentropic expansion from input chamber conditions 
(card set 7) 

5 Same as 4, except stagnation state behind shock 


COLUMN 2 -- STATE OPTION (pertains to Z, cols. 11-20 of this card) 


0 Assigned temperature 
2 Assigned enthalpy 
3 Assigned entropy 


COLUMN 3 -- SPECIES THERMOCHEMICAL DATA 


0 9 Use built-in thermochemistry data 
0 Use built-in diffusion factcr data 
12 Read from cards new thermochemistry data, and if provided, 
diffusion factor data 
rs Print out thermochemistry data for allowable species 
9 Update diffusfon factor data 


COLUMN 4 -- CARBON SURFACE SPECIFICATION 


Layer-oriented PG 
Edge-oriented PG 

General Bulk Graphite 

G-90 Bulk Graphite 

ATJ Bulk Graphite 

Carbitex 700 Carbon/Carbon 
PC-901 Carbon/Carbon 
SiC/PG 


COLUMN 5 -- FROZEN — EDGE TEMPERATURE ARRAY 
Bypass this calculation 
Use built-in temperature array 
Read the temperature array from cards (card set 2) 
SURFACi TEMPERATURE ARRAY 
Bypass this calculation 


Use built-in temperature array 
Read the temperature array from cards (card set 3) 


NOTE: When KRK(6) > 1, GASKET2 automatically provides two 
equilibrium surface calculations, for 500°K and 1000°K, 
with the restriction of zero ablation; this is done 
in order to provide tables for CMA and/or ASTHMA 
which facilitate smooth interpolation. 


COLUMN 7 -- KINETIC CONSTANTS 


0 Use built-in Arrhenius/Langmuir model 
ts Read from cards the pre-exponential factor, By, (1b mole 
reaction/ft?sec), activation energy, E, (cal/gm mole), and 
temperature exponent, ¢, for both reaction and sublimation 
kinetics 
Read from cards the partial pressure multipticative factors, 


Y -1 . s ry 
Vim and Fin (atm) for reaction kinetics only 


COLUMN 8 -- EDGE GAS ELEMENTAL COMPOSITION 
) 


does not contain H or O (Kinetically inert surface) 
does not contain H (reaction 2. only) 

does not contain 0 (reaction 3. only) 

contains both H and 0 (reactions 1., 2., and 3.) 


2 
K 
4 
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COLUMN 9 -- PUNCHED CARD OUTPUT 
0 


No punched card output 


3 Punch a card appropriate to CMA input for each convergent 
frozen edge or surface solution 
23 Punch a card appropriate to ASTHMA input for each convergent 


frozen edge or surface solution 


COLUMN 10 -- DIAGNOSTIC OUTPUT CONTROL 


0 


No diagnostic output 
] Output a single line of diagnostic information per iteration 
a (Where j is a digit greater than one) output full diagnostic 
information for 5(j-1) iterations and output a single line 
of diagnostic information for subsequent iterations. 


FIELD 2 (Columns 11-20, Format F10.5) Thermodynamic State Variable, Z 


EE a) KRK(2) 
b) If KRK(2) 
c) If KRK(2) 


» Z is assigned to temperature, °K 
» Z is assigned to enthalpy, cal/gm 
Z is assigned to entropy, cal/gm°K 


uw 


2) 


» Z pertains to the edge state 
or 2, Z pertains to the thermodynamic state upstream of a 
shock wave 
c) If KRK(1) > 3, Z pertains to the chamber thermodynamic state 
i) If PC = 0, Z pertains to the actual chamber state 
ii) If PC # 0, Z pertains to the ideal chamber state (see PC, 
Cols. 41-50 of this card) 


KRK(1) = 
b) If KRK(1) = 


lv 


3 (Columns 21-30, Format F10.5) Pressure, PR atm 


1) If KRK(1) = 0, PR pertains to the edge thermodynamic state 
2) If KRK(1) # 0, PR pertains to the actual chamber thermodynamic state 
or to the thermodynamic state upstream of a shock wave 


4 (Columns 31-40, Format F10.5) 
1) 
2) 


Edge or Shock Upstream Thermodynamic State, ZE 


If KRK (1) < 2, this field is ignored 


a) If ZE > 0, it is assigned as the pressure, atm, at either the edge 
(KRK (1) = 3), or the upstream side of a shock wave (KRK(1) = 4 or 5) 

b) If ZE < 0, it is assigned as the Mach number at either the edge 

(KRK (1) = 3) or the upstream side of a shock wave (KRK(1) = 4 or 5) 


5 (Columns 41-50, Format F10.5) Ideal Chamber Pressure, PC atm 
FIELD 6 (Columns 51-60, Format F10.5) Mass Transfer Coefficient, ROUCM 1bm/ft*sec 


FIELD 7 (Columns 61-70, Format F10.5) Diffusion Coefficient Exponent for Unequai 
Diffusion Coefficient Model, GAMER 


If GAMER = 0.0, it is automatically set to 2/3 (this value is appropriate 
for most calculations) 


1) 


2) If GAMER = 107°, the diffusion model reduces to equal diffusion coefficients 


FIELD 8 (Columns 71-80, Format 2A4,A4) Job Title, TILE (3) 


CARD 2 If KRK(4) # 8, skip this card 


FIELD 1 (Columns 1-10, Format F10.0) Mass fraction of SiC in SiC/PG 


CARD SET 2 — FROZEN-EDGE TEMPERATURE ARRAY TFA(I) (number of cards = no. of temperatures + 1) 


1) If KRK(5) 
2) If KRK(5) 


0 or 1, skip this card set 


2, read in an array of no more than eight temperatures, TFA(I) °K 


CARD(S) 1,2,... (Columns 1-10, Format F10.5) one temperature per card 
FINAL CARD blank 


NOTE: The TFA(I) array built into GASKET2 contains temperatures from 
500 to 4000°K in 500°K increments 


CARD SET 3 — SURFACE TEMPERATURE ARRAY TSA(I) (number of cards = no. of temperatures + 1) 


1) IF KRK(6) = 0 or 1, skip this card set 


2) If KRK(6) = 2, read in an array of no more than fifteen temperatures, TSA(I) °K 
CARD(S) 1,2.... (Columns 1-10, Format F10.5) one temperature per card 
FINAL CARD blank 
NOTE: The TSA(I) array built into GASKET2 contains temperatures from 
1200 to 4000°K in 2000°K increments. Also, whenever KRK(6) > 1 
two surface equilibrium, zero-ablation calculations are per- 
formed for surface temperatures of 500 and 1000°K. 


CARD SET 4 — ELEMENTAL COMPOSITION (number of cards = no. of elements +1) 


See 


CARD 1 (Columns 1-3, Format 13) the number of elements in the system 
CARD 2,3,4 . . . (one card for each element) 
FIELD 1 (Columns 1-3, Format I3) the atomic number of the element 


FIELD 2 dla 4-15, Format 3A4) the name of the element (for output identification 
only 


FIELD 3 (Columns 16-25, Format F10.5) the atomic weight of the element 
FIELD 4 (Columns 26-35, Format F10.5) the relative amount of the element in the edge 
gas (this is the same as the relative amount of the element in the chamber or 
at the upstream side of a shock wave, since elements are conserved) 
1) Positive values are in relative gram-atomic-weights (or moles) 
2) Negative values are in relative masses 
FIELD 5 (Columns 46-55, Format F10.5) the relative amount of the element in the surface 
material (the present version of GASKET2 allows the surface to be comprised of 


carbon only; hence, the quantity 1.0 must be entered in this field for the 
element carbon) 


CARD SET 5 — DIFFUSION FACTOR DATA (number of cards = 1/4 x (7 + no. of data items, e.g., diffusion 
factors, reference molecular weight, diffusion exponent) 


—— 


0, this card set must be skipped 


1) If KRK(3) 
2) If KRK(3) 
3) If KRK(3) 


1,2,3, or 4, this card set may be skipped 


9, this card set must not be skipped 


CARD 1 (Columns 1-3, Format I3) the total number of data items (e.g., diffusion factors, 
reference molecular weight, diffusion exponent) to be entered 


Diffusion factors may be specified for any or all species individually and/or 
diffusion factors may be calculated via 


FFA 
Diffusion Factor = (ig 


where REFM and FFA may be specified here. For species for which diffusion factors 
are not specified individually, diffusion factors will be calculated via the above 
correlation, and if REFM and FFA are not specified, diffusion factors will be calcu- 
lated from the above with REFM = 23.4 and FFA = 0.431. 


CARD(S) 2,3,. . . 
FIELDS 1,3,5,7 (Columns 1-8, 21-28, 41-48, 61-68, each Format 2A4) 


The "name" of the species for which data is to be provided, exactly 
as it appears in columns 73-80 of the first card of the 3 thermo- 
chemical data cards (card set 6) for that species. To specify values 
of REFM or FFA in the next field, enter the alpha characters "“REFM" 
or "FFA" respectively here. 


FIELDS 2,4,6,8 (Columns 9-20, 29-40, 49-60, 69-80, each Format E12.4) 


1) If the name of a chemical species was entered in the preceding 
field, this number is presumed to be a diffusion factor. 


2) If the name REFM or FFA was entered in the preceding field, enter the 
desired values of REFM or FFA respectively in this field. 


The diffusion factors introduced into the solution in this manner replace either the 
values set automatically (see card 1 above) if the species thermochemical data are read 
from cards or tape, or the values built into the GASKET2 program (see Volume II). 


NOTE: If KRK(3) = 9 and KRK(1) = 1,2,4 or 5, this card set must follow the OBLIQUE OR 
NORMAL SHOCK DATA card set; if KRK(3) = 1,2,3, or 4 this card set, if used, 
precedes the SPECIES THERMOCHEMICAL EQUILIBRIUM DATA card set. 


CARD SET 6 — SPECIES THERMOCHEMICAL EQUILIBRIUM DATA (number of cards = 1 + 3 x no. of species) 


1) If KRK(3) = 0 or 9, skip this card set 


2) If KRK(3) = 1,2,3, or 4, read in this card set; there are three of these cards for each 
molecular, atomic, or condensed species; the end of this card 
set is signaled by a blank card 


CARDS 1,4,7.. . . Describe the elemental composition of the species and establish its 
name designation 


FIELDS 153555. . «5 13 (one for each element in the species) 
(Columns 1-3, 7-9, 13-15,. . ., 37-39, each format F3.0) 


The number of atoms (of atomic number given in the following 
field) in a molecule of this species 


(If field 1 is zero, this card is presumed to represent the 
end of card set 6) 
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FIELDS 2,4,6,. . ., 14. (one for each element in the species) 
(Columns 4-6, 10-12, 16-18,. . ., 40-42, each format I3) 


The atomic numbers of the elements in the molecule (the number 
of atoms of which was given in the previous field) 


(If field 2 is zero, this card is presumed to be the first 
card of card set 5) 


FIELD 15 (Columns 42-72, Format 7A4A2) the source and date of the thermochemical data 
for this specie. Used for output only 


FIELD 16 (Columns 73-80, Format 2A4) the name designation of this species (e.g., AL203). 
This variable is used for output and as a means of identifying data entered in 
card set 5 


CARDS 2,5,8. . . Lower temperature range thermochemical data 


FIELDS 1,2,3,4,5 and 6 (Columns 1-54, Format 6£9.6) Input the 5 constants (F1,F2, 
F3,F4,F5,F6) appropriate to the lower temperature range of 
the thermodynamic data for this species. These constants are 
defined as follows, where T is in °K: 


Fl = the heat of formation of the species at 298°K from the 
JANNAF base state (elements in most natural form at 298°K) 
in cal/mole 


F2 = the enthalpy change of the species from 298°K to 3000°K 
in cal/mole 


F3,F4 and F5 are defined by a curve fit to the heat capacity 
at constant pressure of the form: 


Cc 


" 


pe roe Mrs 5 in cal/mole °K 
4 


F6 = the entropy of the species at 3000°K in cal/mole °K 


FIELD 7 (Columns 61-66, Format F6.0) the upper limit of the lower temperature range 
in? 

FIELD 8 (Column 67, Format I1) the phase specification: 

signifies gaseous species 


signifies solid species 
signifies liquid species 


wn 


The only phase combination allowed in one three card set is solid-liquid in which 
case a 2 and 3 would appear in fields 8 of cards 2 and 3, respectively. 


! CARDS 3,6,9. . . Upper temperature range thermochemical data 


These cards are the same as cards ©,5,8. . . except use constants for the 
upper temperature range and field 7 is ignored 


LAST CARD OF CARD SET 6 MUST BE BLANK } 
5 = 
The end of the species thermochemical data is signified by a blank card. Hence, the last 
card of card set 6 must be a blank card. 8 
i 
NOTE: If this data is read in on cards, the atomic number of C* must be 106, rather than ' 
than the actual value of 6. Finally, all condensed phase species (except C*) must + 
follow the gas phase species. i 3 
b 
a 
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CARD SET 7 — OBLIQUE 


1) 


2) If KRK(1) 


FIELD 1 


FIELD 2 


FIELD 3 


FIELD 4 


FIELD 5 


CARD SET 8 — REACTION RATE DATA (number of cards 


1) If KRK(7) 
2) 
3) 


If KRK(7) 
If KRK(7) 


First Subset: 


CARDS 142, . « 


j FIELD 1 
FIELD 2 


FIELD 3 


If KRK(1) 


OR NORMAL SHOCK DATA (1 card) 


0 or 3, skip this card set 


1,2,4, or 5, this card set must be read in 


(Column 1, Format I1) Input the variable KVH which determines how the velocity 
ahead of the shock, the static enthalpy ahead of the shock, and the total 7 
enthalpy are calculated (since total enthalpy = static enthalpy + 1/2 velocity) 


If KVH = 1, velocity is calculated from specified total and static enthalpy 


If KVH 
velocity 


2, total enthalpy is calculated from specified static enthalpy and 


If KVH = 
velocity 


3, static enthalpy is calculated from specified total enthalpy and 


(Columns 2~10, Format F9.4) 
if KVH = 1) 


The velocity variable, UR (this field is ignored 
If UR # -9999, then UR is assigned to SVL, the velocity upstream of the shock 
in ft/sec 

If UR = -9999, the velocity calculated in the prior solution is assigned to SVL 


(Columns 11-20, Format F10.4) 
ignored if KVH = 2) 


The total enthalpy variable, HTR (this field is 


If HTR # 0, then HTR is assigned to HCH, the total enthalpy of the system in 
BTU/1bm 


If HTR = 0, HCH is unchanged 


(Columns 21-30, Format F10.4) the static enthalpy variable, HSR (This field 
is ignored if KVH = 3) 


If HSR # -9999, then-HSR is assigned to SH], the static enthalpy upstream of 
the shock in BTU/1bm 


If HSR = -9999., the static enthalpy calculated in the prior solution is 
assigned to SH] 


(Columns 41-50, Format F10.4) the shock angle (0.0 for a normal shock) in 
degrees 


3 x MT -10 at maximum) 


0, skip this card set 


1 or 3, the first subset of this card set must be read in 


2 or 3, the second subset of this card set must be read in 
MT cards 
.» MT 


(Columns 1-10, Format £10.4), FKF(M) the preexponential factor for the Mth 
reaction, 1b mole/ft*sec atm 


(Columns 11-20, Format E£10.4), EAK(M), the activation energy for the Mth 
forward reaction, cal/gm mole 


(Columns 21-30, Format £10.4), EXK(M), the temperature exponent for the 
Mth reaction 


Second Subset: 2 x MT -10 cards 
CARDS MT + 1, MT + 3, MT + 5;. . . 3 x MT -13, 3 x MT -11; 


FIELDS 1-6 (Columns 1-10 x 6, Format 8F10.6, inhibiting specie partial pressure 
coefficient, PSI (J,M), J = 1, 6 atm? 


CARDS MT + 2, MT + 4; MT +6,7,... 3x MT - 12, 3.x MT -10 Ht 


FIELDS 1-6 (Columns 1-10 x 6, Format 8F10.6, inhibiting specie partial pressure 
coefficient FKK(J,M), J = 1, 6, atm™? 


NOTE: MT = no. of reactions 


1) IF KRK(8) = 1, MT = 0, kinetics ignored 


t 
2) If KRK(8) = 2, MT = 1 + 5 sublimation kinetics reactions : 
j M=1 c* + CO, 2 2C0 
d=] CO, } 
daz, CO 


3) If KRK(8) = 3, MT = 1 + 5 sublimation kinetics reactions 
M=1 20* +H, 7 CoH, 
J=1] Hy 
4) If KRK(8) = 4, MT = 3 + 5 sublimation kinetics reactions 


rad > 
M=1  C*+H,0 7 CO + Hy 


serene 
= ss SPARTA PE nen wenn conse 


M=2 C* + CO, 2 260 
> 

M=3 2C* +H, 7 CoH, 

J=1 H,0 

J=2 C0, 

J=3 co 

J=4 Hy i 

J = 5) “CEH : 
J=6 FH 
be HD TERMIRSE A 08 KRK(1) = 8 on final card 

wr { 

: : MULTIPLE JOBS f 
| 1) Several jobs may be loaded back to back, with a control card signifying the start of 
each new job: 
, 
i 


CONTROL CARD #1 


ELEMENTAL COMPOSITION #1 


additional data as required for job #1 


2) 


CONTROL CARD #2 

ELEMENTAL COMPOSITION #2 

additional data as required for job #2 

KRK(1) = 8 
If jobs following the first job have the same elemental composition as the first job, 
Card Set #4 (ELEMENTAL COMPOSITION) may be replaced by a single blank card for all jobs 
after the first: 

CONTROL CARD #1 

ELEMENTAL COMPOSITION #1 

additional data as required for job #1 

CONTROL’ CARD #2 

blank card 


additional data as required for job #2 


KRK(1) = 8 
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a2 NEW FORTRAN VARIABLE NAMES USED IN GASKET2 


This section describes the names and definitions of the newly introduced FORTRAN variables 


resulting from the computer code modification. Since this is an addendum to Reference 1, similar 


format and abbreviations are adopted here. 
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2.3 LISTING OF THE MODIFIED SUBROUTINES 


The listing of the following subroutines are given in this section: 


e@  IMELM 
@ INPUT 
@  KINET 
e@ OUTPUT 
e@ THERM 
e = KININ 
e ZIPIN 
@ = AFMAT 
e@ ALPST 
@ BELCH 
@ CRECT 
@ GASKET 
@ MAT 1 
@ MAT 2 
@ MAT 3 
@ PROPS 
e SCALE 


The modifications made to the subroutines are shown in the right hand side column. The notation 


“*k-n" means that n lines of FORTRAN statements have been deleted preceeding the line where "**-n" 


appeared. "“*COR" indicates the location where new FORTRAN statements are inserted. 
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SECTION 3 
SAMPLE PROBLEMS 


Presented in this section are three sample problems which were run on a Univac 1108 digital 
computer. An attempt was made to utilize almost all of the options available in the GASKET2 program. 


For each sample problem, the following is presented: 
e A brief description of the nature of the problem and solution 


e A listing of the input data deck 


e A few typical pages of the program output 


Sample Problem 1 


In this problem, ablation rates at the throat of a rocket nozzle are calculated. The pro- 
pellant gases are comprised of seven elements, including both hydrogen and oxygen. The surface 
material option of ATJ bulk graphite is used. The program options which utilize built-in physical 
data are selected; hence, only 10 cards of input data are required for the complete sequence of 
calculations. The ideal chamber conditions (propellant flame temperature of 3764°K, ideal pressure 
of 68.02 atm) are input. After redefining the elemental set to include the fictitious element 
"GRAPHITE," subsequent calculations performed by the program include determination of the actual. 
chamber state (54.42 atm) and an isentropic expansion to the throat (unity Mach no.). The frozen 
edge state is computed for the built-in array of eight temperatures, and the surface ablation rate 


is computed for the built-in array of fifteen surface temperatures. 
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Listing of Input 


47 boue 


1.908 
wv, Ole 
é,011 
14,007 
We 

6.0 
35.493 


94.42 -1.0 FEN? 


3,319 
Ye4e6h 
0.9046 
6252 
1.9141 
0.4680 
0.4012 


0.969 
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Sample Problem 1 Output | 
GRAPHITE SugFACe KTIREPICS (GASKET #271, 3 yg AN0n4ca | 
ae | 
RELATIVE ELFMENTAL COMPOSTTIONSs ATC*IC wISsZISTT “ASS 
AT.SO. ELE ATOPIC UT bLGE GaAs SUE ACE 
1 HYUROGEN 1.u05890 20330797 eOCUUCEYU 
4 PERYLL TUN 4 .n1ecd eGiGe12e4 eOHGN000 
6 CAKRON 12 VILE eU092003 eCORC UG 
7 NY TMOG rH ,0N7TCO eUGO3%APL5 ~veovoaU 
& OX Yok iv J) .UUGPL 2Olornyld eU¥GALONA 
9g FLUOR Te 19,9000 eFOSRUGA ~ucogaas 
net) CELORI NE 45 ,4530¢ 060543973 2OuClI0N 
106 GRAPHITE 12.011NC eVOCHKOND eGBS2570 
ELEMENTS HYLROGER SERYLL TU" CAaigeeyr JITR GEN OXYGEN 
FLUAK TSE CHLORIME GRAPH ELTE 
BASE SPFCTES 1a hE coe cclt: 420 
PH CLH Cy 
i 
' 
q 
Py 
| 
| 
1) 
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Sample Problem 1 Qutput (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) SOLUTION PROS. 1 


DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CPEQUIL ==OLNM/DLNT = OLN DLN GAMMA 
«99545200 012580401 -.57602+00 +35229-01 011334401 


4 PROPERTY ROUTINE OUTPUT IN LB-MASS.FT+SEC eRTUsAND DEG=R 
TEMP vIsc cond ObaAR PR sc 
267752408 +61615-04 «75106-04 2235259-03 e31461¢00 72427400 
aul mu2 VOL .wT MTIL ceviT HTILe 


«77605+00 ©2064A402 025599002 242582404 @8699Rs00 oP SAGASU4 


ELEMENTAL K ANC Z MASS FRACTIONS BY ATOMIC NUMBFR «© 0 « © (GAMFX = ,667) 
1 « 6 7 a 9 17 104 
«33335-01 212609400 11053400 2116564600 «30546400 216432400 214172400 290000 
©89675-01 269022401 «13622000 214390000 e23h1he00 «17403400 214498600 200000 


SOLUTION TIMES 
ITERATIONS = 32 TIPE = 9.27 SEC. 


CLOSED SYSTEM EQUILTBRIU’ SOLUTION nuTPUT 


MASS CONDENSED/Mass GAS = +21215400 
TEMP = 6775,2000 DEG R. = 3764,9000 DEG K, PRESS = 6802000 ATM 

4 GAS CONDENSED COMPOSITE : 
ENTHALPY - 8TU/LAM +2A931403 =e SRE24 464 ~eTHT3S6¢05 3 
ENTROPY = ATL/LAM DEG & «2d060e01 018349601 225855001 

_ OENSITY = LAB/FTS +29030+00 235169400 
MOLECULAR WEIGHT 21,1184 25.0120 25.5996 


CHEMICAL STATE (MOLE FR, = MOLECULES 7 TOTAL GAS PHASE MOLECIILES eveee 


SPECIES MOLE FR, SPECIES MOLE FR, SPECIES MOLF FR, SPFCIFS MOLE FR, SPECTES MOLE FR, 
co2 © 286A1-02 He 51374400 20 232153-91 ce .0n000 CLH 2 39942-0) 
FH 226427-01 BE +57465-02 CCLN ©A8119-U7 co 223259400 cane 231456-07 
c 212442606 c2 + 6EN64-10 cs 0211569412 cH 264802216 cs 692557-21 
C2ee 274619209 KECL 3718-02 RECLE o3621R901 ECL? 282985202 HEF o431K5-01 
REF2 «40630-0212 HEHO ©66279-02 REH2 21949 S JEH202 236210-02 REO 225368-05 
BE2CL4 +35445-07 BE202 227032-03 RE SOR 2247592938 AEGON 905633204 PESOS ©31056-05 
BE606 #20125-06 cece +356754-08 CCLFO ©59481-09 cCcLFS 079560217 ccL20 02422009 
CCL3F «43BA0-17 CCLé #12540-17 cF 021656297 CFA 44796-0868 cr2 212010-09 
CF20 2420A02-09 crs s70361L-14 Cee e411 352017 cH 219693.06 CHCLF2 296081 H14 
CHCL2F ©86893-14 CHCL3 oF TOST ALG CAFO 079973207 CHES 48654214 CKN ©51245-046 
CHNO +95549-06 CHO 45571-0046 cHe eS7TAGL SUT CHacLe #2RO44011 CrecL2 37485411 
CH2F2 +10232-11 cHeo0 ©274601-05 CHS 044354916 ce3CI +10870-08 CHSF #235177-09 
cHY +97096-07 cn 6245435—05 C2F2 © 1 AR7T9615 Core «26364222 cane 023420-10 
C240 019663-14 c2an2 e24R40209 cs02 o#1003610 cane 278546.17 cu «S848 2-02 
cLF +84859~07 CcLFEOS +60026-24 cLFS eAT61 IPL CLHO 017413205 CLNO «16005-07 
cLo 2152464-05 cLo2 eB929TH11 cLeo 2652350-12 ia 11110203 FRU 213168-07 
FN ©68111-08% FNO ©10759=08 FO oS9131208 F0 052961215 eSN 924585019 
4 269679401 HN ©40821-046 HO + 3A114-02 Hoh 29586-0464 H202 +53788-07 
H3N 218218-04 Han? ©45197%-11 N ©27902-04 vo 236568203 NO2 ©94195-08 
N20 +58770<07 N203 ©10572-15 "204 228330271 v2c5 01763225 G o4A951-03 
03 «22618011 CCLeF2 0 72649-17 ccLo 051757205 CFO ©14886-06 Care +68667-30 
FNO2 41704014 CLNO2 ©41138-13 Fan ©62872-13 FNOS 019497220 HRO 2630235-06 
BEN 017185-04 HNO? 220359=08 HNOS © 1A560-13 RE20 10682-02 FuN2 216499252 
HO2 +12061-06 NOs 47547214 cre ©AGS79=23 ccv2 +82626010 ceus 216171213 
F2n2 242902-17 Hen2 + 2BURG=0R SE2F20 017103491 Che ©8R652-09 c20 02456507 
CLFS 11751-36 HEH s65541-15 Fo2 224159411 Can 212578207 Cen 295277209 
c2cus 61286420 c2cLé 2 28053-30 Cane e67411611 cacla2 o17562-12 Cavey 015177-09 
CHCL 240746-08 CHE © 35A08-98 C2F3N 1 7E97TH19 F3NO 016489224 Fa 31941210 
cle 230764-05 N2 #10623400 02 019692208 cNo «14911-06 N3 28370009 
C2H3 71395-19 C2H6 664166614 C3H 26190711 Cane ©56004-12 C3H3 eITHR ILS 
C3H4 o450R5-14 C3KS © 202A83-13 CoH e S9SAS-1G caHe «57922215 CLHSNe® «69000 
CLHYNOGe «00000 BEM2026 «00000 wee «09000 seo «17912400 CREP® 200000 
BESN2e -000n0 BECL2e «00000 AFF Oe +90n00 
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Sample Problem 1 Qutput (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR, 1 2000200000 
DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CP-EQUIL DLNM/OLNT OUNM/OLNP GAMMA 
099506400 013039401 -,60504+00 «36699-01 ¢11327¢01 


PROPERTY ROUTINE OUTPUT IN LB-MASS.FT+SEC+PTUsatn DEG-R 


Tene vIsc COND OBAR PR Sc 
067212404 ©61267-04 «74620-0464 + 26689-03 231494400 72426400 
muL mu2 MOL eWT HTIL CPTI’ HTIL® 


077499400 ©20619+02 025514402 43013404 296696400 24063404 
ELEMENTAL K AND Z MASS FRACTIONS BY ATOMIC NUMBER « 4s (GAMEK = (66TH 
1 4 6 7 e 9 17 106 
©33335-01 01280900 211053400 01165600 230546000 216432400 214172400 «00000 
2869582-01 »69336-01 #1360100 01493648400 «23836400 «17807400 ©14496400 «00000 


SOLUTION TIMES 
ITERATIONS = 3 TIME = 2.249 SEC. 


CLOSED SYSTEM EQUILIBRINM SOLUTION o1TPUT 
MASS CONDFNSEQ/MASS GAS = 021145400 


TEMP = 672142491 DEG R, = 3734,0273 DEG K. PRESS = 54.42000 ATM 
GAS CONDFNSED COMPOSITE 
ENTHALPY - BTUsLRM 229254403 = 256969404 = 276736963 
ENTROPY - BTU/LBM DEG R 020272401 «15297401 26009401 
DENSITY - LAM/FT3 023351400 278286400 
MOLECULAR WEIGHT | 21,0627 25.0120 25.8143 


CHEMICAL STATE (MOLE FR. = MOLECULES / TOTAL GAS PHASE MOLFCULES) «sees 


SPECIES MOLE FRA SPECIES MOLE FR, SPECIES MOLE FR, SPECTFS MOLE FR, SPECTES MOLE FR, 

coe 4291A3-02 H2 «3104000 20 032357201 Ce 200000 CLH 940019401 
FH 626414-01 BE +40393-02 CCLN «67381-07 co 023178400 Cane 0192%9-07 
¢ «10445-04 c2 ©43831-10 c3 011548-12 ce 2 35696-18 cs o31460-21 
C2BE +49368-09 BECL +37336-02 BECLE 2 3572h-01 BECL? ©81426-02 REF © 44299-01 
REF2 ©40404-01 REHO +6727%-92 BEH? o17353-93 3EH202 +37562-02 REO 227204203 
RE2CLY 327308<07 RE2R2 +29386-03 RE4S03 0 27990-03 £406 eFTHTERUH RESOS + 35546-05 
BE606 +23314-06 cece + 26A19-08 CCLFO 046249499 ccurs 249421217 ccLeo 219074-09 
CCL3F 0269A8-17 ccls 770R2-18 cr 017226-07 CEN 2 33545-08 cre 089320410 
cF20 2 33469-09 crs 47004914 cF4 025784237 CH ©#1195-07 CHCLF2 *60000-14 
CHCL2F oS41AG~14 CHCLS 029411914 CHFO «63030-07 CHES 027585-14 CHN 2 S984 2-04 
CHNO «75216-06 CHO ©36831-04 cHe 04202107 CHeCLE o14030-11 cHect2 «23708411 
CH2F2 643a3-12 creo ©21617-05 CHS «30546-6 CH3CL 269674209 CHBF +14695-09 
CHa 62999<07 CN 229863205 c2F2 019752415 Cee +13398-22 cone o11889-10 
C2H4o 097335-15 C2n2 ©14962-09 C302 025250610 cane 228097217 cL 262088.02 
cLF «79011-07 CLFOS 47634024 CLFS 254647621 CLHO +16640.05 cCLND +16559-07 
cLo ©15549-05 cLo2 ©86633-11 cL20 7664-11 F +11359-03 FHO +12099-07 
FN +59609-08 FNO 297331209 FO «374907-98 F20 «43894215 F3N 216597-19 
H «73024-01 HN «36701-04 HO 240054-92 42K 225068.04 H202 250088-07 
H3N 014492-04 HON2 e273551611 N 22750604 NO 235019208 no2 +94613-08 
N2o 054463<07 N203 »66768-16 N204 2229358-21 N203 013586-25 a 25452-0858 
03 o23779-11 CCL2F2 ©44626-17 cclo ©44727205 CFO 21259806 Care +o 26PA5-20 
FNO2 036221-14 CLNO2 236384~13 FN 248535-15 FNOS +15578-20 HNO +766%5-06 
BEN 015949-04 HNO? ©186A9-0A HROS 016414013 3F20 21115502 FUND 279529238 
402 o12141-06 Nos 044848014 cF4O 4A190 223 ccL? ©60609-10 ccLs +10865-13 
F2N2 029146017 H2n2 ©21249-06 RE2F 20 ©16646-91 Cne 2632335209 c20 ©178387-07 
CLES +55392-37 HEH ©50405-15 Fo2 «22964411 can ©61308-08 C2Nn 260477209 
c2cr4 062617-21 c2cié6 10766-3530 C2HF oS9815-11 cacl? 219515212 CAHCL 692045210 
CHCL ©29571-08 CHE 226186-08 Cee an eAS5521-90 F3N0 11494224 Fo 027915410 
cl2 ©29698-05 N2 010569400 02 022352-04 cNo ©12322696 NS +666%2-09 
c2H3 +36503-10 L2H6 0 34929-14 C3H 051964611 C3re 026160412 C3H5 2420856138 
C3He 017673-14 C3HS 0722469414 CoH 15952-1464 cure 021827415 CLHGNe «000N0 

CLHGNO4e «90000 BEH202¢ 00000 KES 200000 3E08 217798400 CREQe 09000 


BESN2e «00000 BECL2e +00000 REF2e «00000 


Sample Problem 1 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROK, 1 S5n0n100e0n 


oO VATIVE PROPERTY OUTPUT 
CP-FROZEN CPeEQuit OLWetZOUNT OLNMZUL NP Gamen 
249587400 eL2511L602 =. 54367400 2514 Su-0) 21302 602 


PROPERTY ROUTINE OUTPUT TN LKSMASSsFTeSECHPTURA YT LF GRR 
TEMP vise conn ObAK PR sc 
263793404 «59220-0484 272322-04 2454622035 230975400 272434000 
mul mu2 MOL WT TIL ceric HTILe 
«77413400 22059% 402 225 F 06402 2 3F464404 eA 7149000 «20679404 


ELEMENTAL K ANC 2 MASS FRACTIONS BY ATOMIC NIIMhFR , 5 4 6 (GAMFX = 6667) 
1 4 6 7 8 9 17 106 
o333355-01 +12809+00 «11083400 211656400 250546400 elAe 52600 214172000 200n00 
291019-01 265809-01 213771400 214546400 223585400 el T9She09 «1465900 210900 


SOLUTION TIMES 
ITFRATIONS = 6 TIME = 2.331 SEC, 


CLOSED SYSTEM EQUILTARIIM SOLUTION cuTPUT 


MASS CONDFNSED/MASS GAS = e22h2 5000 
TEMP = 6379.3015 OFG 4H. = 3844,0504 UFG K. PRESS = 31.47837 art 


Gas CONDENSED COMPOSITE 
ENTHALPY = BIU/LAM + 72630002 -.611560N4 21 N649e04 
ENTROPY = ATL/LAM DEG + 229496001 o 14963001 226009001 
DENSITY = LAKZFTS elardcuevue 174 SR000 
MOLECULAR WEIGHT 21.0621 25.0120 25.0099 


ABOVE ARE STATIC PROPERTIFS weKING TIC = 227759003 HTUSLEM 
VEL. = o372AReN4 FT/SEC FLUX = eb49IH4NS LAME FASEC PACH = 1.09004 


CHEMICAL STATE (MOLE Fi. = AOLFCUNLS 7 TOTAL GAS PHASE MOLECIM ESI eseee 


SPECIES POLE FR. SPECIES POLC FR, SPECILS POLE FE. SPECIES wor FR, SEECTES MOLE Fa, 
co2 +27318-02 He e3Z2n2en0 420 25026491 ce 200000 CuK ell sted 
FH © 266A4-01 HE 029798992 ceur 236 403-07 co 425469600 CaM? PAST F008 
c +42832-07 c2 212001-10 3 e2F1TH61S co «51446219 cs «56000-27 
CARE +16436-09 HECL 228718202 ‘ «57215401 sE CLD 281675202 Mer A981 -01 
aFF2 244390-01 WEHO e4O52 9-02 21 ane-03 sEHzO2 «S00c6-02 vO «16674-058 
RE2CLY +©15897-07 KE2c2 elymfe-ns 024291203 areoe 7AM 306-08 PESOS 2 SS8C7-08 
RECO6 +23615-06 cee «112700-0Aa e e23687-09 ccLrS o146UR-17 ceLan oI4PS I-10 
cCcLsF «75742-18 ccus 221569418 278674208 crr 215668-06 cr2 oe B77 7-10 
cF20 217784-09 crs e1HEGSary 282069418 cw «31611-07 cHciee 220869014 
CHCL2F ©16370-146 cHeLS 010165-146 235 e6PeN7 cHRS a Le ol e2H279-08 
CHNO «43540-06 Cho 2235541-04 eT BRSRONT cHacie 71700212 C oFRS8S5212 
CH2F2 2 25824-12 CH20 2131 R2-05 s15A8T#06 cHacy «354490209 26787 2-10 
cHe + 56865-07 Cn #10156-95 25198016 cate 021301225 «4e9M8-11 
c2nan 25141-1585 Cane «57503-10 : eo1462erl cue 475999218 «55665-0902 
cur 4497A-07 curns «47909925 eAESRS O22 cCLHO + O9K12206 «7597 7=08 
cLo + B49AR2=06 cLoe 2272 98=14 227719411 f 2 THDHTH04 +59665-08 
FN +25708-08 FNO SBR 25-99 14624608 Fan 290912416 N + 26691-20 
“ +65694-01 HN + 20948-ny 629359202 HPN «181 56-04 «2217607 
H3N «97000-05 HON? 81192-12 elS777-98 no .28052-05 23991 0-08 
N20 27127-07 N208 el4E7le16 n208 e 23465022 waus 2P12680-27 oB8199-08 
03 26252712 CCL 2F? #1244817 ecLu + 26441205 lize 265594207 2 PARR 6-3} 
FNo2 882464-15 cuNn2 el0N2 5-18 ter e12A1A-13 eNos el 7591-21 . + SARG2~06 
BEN +76598-05 HNO? e7ZA81=09 nos +S8992014 aE <0 +70920-08 «34641 -36 
H02 +536%5-07 Nos eI9TTIAIS ceeo eOO5TRA Pe ccu2 228277210 SST ERLE 
F2N2 «53440614 Hane ot 877P 209 KE 2EO0 w1S761-0) cre 022892-09 71998208 
curs +16459-38 HER +696 06-15 Fue 16051912 car 1929-08 .20183-08 
cactus 01222921 cac.e 101A9- 4) CAnF 013129411 c2cua 34556213 «36309410 
cHcE #116%4-08 CHE #1 O0RG2—08 C2F3n 14922-20 FSNO 2124467225 «10878-30 
cL2 ©21579-08 ne 210720609 u? eDS01b-08 cho «SA0S8.07 2 24375-09 
C248 +12922-10 Cane 9IS22015 ose 29? 50-12 Cee 265052015 210807218 
C3He 43239218 C35 e144 99~14 can 59228415 cane «4 3596-16 Cleane 0000 
CLHENOSe ©, 00000 EEH2026 .v00n0 Hee .ononn 3f08 1n¥66600 CHEZ. ‘ono 
BESN2e «00000 CECL 20 2000%U © 20 sunnne 


Sample Problem 1 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR, 1 Oneoocoeun 


DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CPeEQuIL OULNY /OLNT DLNM OLN GAMMA 
© 36603400 249852002 = .456A1601 499465001 99459400 


PROPERTY ROUTINE OUTPUT IN LB=MASS+FTeSECHRTUCANIN DEG=R 
TEMP vIsc cono Dear bR se 
290000405 +16292-04 215778-04 «17653-0484 «507514000 2 72433¢00 
mul mu2 “CL ent HTIL cPTIL #TILe 
«77413400 #20596402 e25AN6002 =.528357003 ehHRBGNOOD =. 15648 OOK 


ELEMENTAL K ANC 2 MASS FRACTIONS BY ATOMIC ruiMHFe y + + © (GAMEX = .667) 
1 4 6 7 6 9 17? 106 
233335-01 212809409 11054400 «11656400 230846600 «14432400 214172000 00000 
#91019-01 265809401 el 3771405 214546409 2 235A5e0U el TIShedu 014659409 sonnog 


SOLUTION TIMES 
ITERATIONS = 6 TIME = e414 SEC, 


CLOSED SYSTFM EQUILTARIUM SOLUTION oN TeUT 


MASS CONDFNSEG/MASS GAS = 222528¢00 
TEMP = 900.0000 NEG &. = $09,000 DER K. PRESS = 51.47837 AT™ 


Gas CONDENSED COMPOSITE 
ENTHALPY = RTU/LRM 22911404 tel ll TRONS =.57409004 
ENTROPY = RTL/LAM NEG & o703845eU1 229797009 171545003 
DENSITY = LAMs/FTS 21 90A7¢02 «1235961 
MOLECULAR WEIGHT 21,9621 25.0120 25.8089 


CHEMICAL STATE (MOLF F2, = MOLECULES 4 TOTAL GAS PHASE MOLECULES eecee 


SPECIES MOLE FR. SPECIES MOLE Fe, SPECIeS PF FR, SPFCIFS MOLE Fe, SPECIES MOLE FR, 
co2 e27R1AS02 2 3226eeN wen 230266291 ce ~0090U Clk o41121-01 
FH 0 266P 4-01 BE e297 4H HD CCuN «56305207 co 223465600 Con ©AB519-08 
c o42A%2-07 212001410 ca o2FL THATS cw 251489219 es 236090222 
cane +16426-09 oZO71 8-02 aecLe 237218-01 ECL? «81673202 a4 3891-01 
are, #44399-01 HES 29-92 Ua ard e1UeH9-05 dR202 o 3002602 "€0 216679-03 
REACLS «15897-0907 el 662-05 FESON 624291 -03 aFe04 eARS06.U4 RESOS 233307-08 
af606 ©23615-06 e112n0<0A cc“es 256457209 ccLe Ss «14608-17 ccusc 694859210 
cc. se 75742018 Pre Os ce 27 367AB ol a 2156645208 cr2 257757210 
cF20 017784-09 e148 Gg So cre oh2 0H 18 ce 232811-07 22058 9-16 
CHCLaF e1A3S7 0-14 «1016314 Cnr 2 35KURSNT CHES 298948215 «26279-08 
CHNO «45520206 ‘ oe S841 204 cHe oT AS86007 ceHecLe 071700212 rhe 2 98585-12 
CH2F2 «25524012 e1StH2—05 CHS 213A s 706 CHRCL © 54490209 67572010 
cHe + 36465-07 +10126-95 C22 «25195016 coRe 221301223 «449RS011 
C2Heo «25181-15 C 2h 057805010 C382 291461611 cane «47399218 «55665202 
cLe e4497R-07 47999228 CLES eA 3555-90 cLHO 299812206 «73927-08 
clo «AG9R2-06 +271 28014 cL20 227719911 e «7A547.08 © 55668-08 
FN +23708-08 v oSBaD Send FO Pe =?0 © 9NG12016 2 26691-20 
4 265694201 7 +2044ASNu HO o29ERGeND 42K 218136206 +22176-07 
43N ©97000-05 eAllgen12 n eUS77 TANG ve 2250522038 239910-08 
N20 +27127-07 #14671216 neue 22386S=22 v2o5 +81268-27 «35199203 
os 26252712 #1284A017 ecto «26841-0605 CFO 265594207 + 248R5-31 
ENO? 2 PA244018 ©10025-18 ean eT PALAIS FNOS 173591221 © 3960 9-06 
BEN + 76398-0858 Z 7T2A81ene HnOs oe S9992014 AE2U «TO9Z0-08 23546 

HO? +53635-07 e997 LH1S Creo eASKTGe2e ccle P5277 alu 25578 
Fane «53400018 +6B77B8-09 PE 2E QU oS 761991 che 025992209 +71995-08 
cLFs + 1A459-358 e698 Nees 602 #60519412 can o31929.08 220189409 
cacus 012229421 10169281 cane o1DS129611 cate o34550218 36390010 
cHee +11644-08 ell ewe-na C26 3 ole A2r-?0 eo 211467225 210375430 
cL2 +21579-08 010720000 Lira ol S016=-96 cno «5056.07 «243575-09 
Cans 12922-1090 099522015 C3 0 FPShuel2 care oASMD2215 210897238 
C3H4 243239415 s144e9-14 cay «S02e3"15 Cube 2434596016 .000%0 
CLHENOGe 290000 REH2026 C0000 wee eunnno 3Ene 214966000 00009 
RESN2© «00000 HECLee «00000 HEE Qe «0000 


Sample Problem 1 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR. 2 Oo0sto0eIn 


. PROPERTY ROUTINE OUTPUT IN LB=MASS.FT+SECeRTULAND OFG=R 
Teme vISc COND OBaR PR sc 


q CP-FROZENS + 36624400 
290000003 ©16355-04 299522405 217653-04 269185400 «72464400 


mu1 mu2 MOL. WT HTIL cPTIc HTIL® 
y 299268+00 025172002 226508402 -.36450+04 e43371¢00 -,37859404 
ELEMENTAL kK ANC Z MASS FRACTIONS RY ATOMIC NUMBER . . 2 © (GAMEX = 4667) 
1 4 6 7 8 3 17 106 
071313~01 287637-01 211139400 ©13714+00 «22999400 220646400 +15608+00 .00000 
f ©91019~01 +65809-01 13771400 +14546+00 © 23385400 217956400 214659409 eonr0n 
E SOLUTION TIMES 
E ITFRATIONS = 34 TIME = 9.753 SEC. 
I OPEN SYSTEM CHEMICAL KINETICS SOLUTION OUTPUT 
SURFACE IS AT. GRAPHITE 
MASS TRANSFER (OEFFICIENT ROUCw = «96900000 
RHO V WALL/RHOE UE CM = 210090-16 BPRIME = -00nn0 
STATE ADJACENT TO THE SURFACE « « « « 
TEMP = 900.0000 DEG & = 599.0000 DEG « PRESS = 31.47837 at 
Gas CONDENSED COMPOSITE 
ENTHALPY ~ BTU/LAM = 241903804 290000 = 241903404 
ENTROPY - BTL/LAM DEG & 217084401 2onnca enanon 
DENSITY = LAM/E 3 01269501 «12695401 
MOLECULAR WEIGHT 26.5080 0000 26-5080 


CHEMICAL STATE ADJACENT To THE SURFACE 
(MOLE FR FOR GASES = MOLECULES / TOTAL GAS MOLECULES } 
(MOLE FR FOR CONDENSED = RPRIME CONDENSED be ee 


SPECIES POLE FR, SPECIES MOLE FR, SPECIES POLE FR, SPECIFS MOLE FR, SPECIES MOLE FR, 
co2 ©23277-07 2 25664001 H20 «26939400 ce «00000 cLH 11182400 
FH 227636-03 RE ebonnd CCLN «7TS120-27 co 234549210 C2H2 ©129%4-27 
c -00070 c2 200000 cs ce 200000 cs 200000 
C2Re «00000 RECL ©15712-33 FECLE RECL? «28301-2035 REF ©72860-27 
REF2 «14155400 BEHO 24712931 FEM? 297115454 dF He02 #16263-035 REO 200000 
BE2CLY 10721-0848 RE202 -00000 RFSO3 263535-25 3Fr6o4 292524217 BESOS ©21536-10 
RE606 +18516-01 cen «vocou CcLFO 267359225 cCLES .0000U cecL20 2237935-25 
CCLSF «00900 ccLe euonne ce 200000 CFN 215286.57 cre «00000 
cF20 216157-24 crs 00000 Cre 20000 CK 200000 cHcie2 045209-3) 
CHCL2F «22641-30 CHCLS 22776928 CHEO oT5A28019 CHES «16261-30 CKN ©38271-16 
CHNO 244396-17 cHo «32711-28 Cre «00000 cHacLe +63060-22 cHecr2 «316355-18 
CH2F2 26435R1-20 Creo o30AS9-15 ces 014482219 CRSCL © 76154.09 CHSE 2A9695215 
cHe «24583400 CK -ocnoo Care ov0ncu Core 200000 Cane 232929-15 
c2H40 «13713-30 can2 +64819-%7 c3n2 .0u000 cane 200000 cu 292420-21 
cle #21185-36 CLFO3 «00000 curs euonen cLHO 219696-25 cLNC «00000 
cLo 200000 cLo2 -Gon00 cL20 20n000 F oleT40.37 FRO 200000 
FN «00000 FNO -o0and Fo .ooo00 F20 200000 FSN 00000 
H ©29398-21 HN oB4121635 40 #1246 9- 96 42N «SA904220 #202 #15984-36 
H3N «42508-01 HON? #15406-21 & 00000 vo +6£0951-32 woz 206000 
N20 223507-35 n208 .00nnU nN2o8 -00000 Nn205 20000U ° «00000 
os 200000 CCL2F2 200000 CcLo 2 36905-27 CFU 217026-37 care 200000 
FNO2 00000 cino2 200A¢ Fan 2or0ng Enos 09000 HRO 298554636 
REN 200000 HNO? eGoned HNC .uonnn 3€20 survey Fane 2000N0 
#02 200000 nos «00000 CFSO 200n00 ccie 210000 ceus 200090 
F2N2 «00000 HN? ©31209-28 BE2F OU 017435R-03 cn? 290000 c20 2000n0 
curs .00000 BEX -00000 Fo 200006 C2 209000 C?2N .00000 
c2ci4 ~00000 c2ci6 .00000 Cane 20o000 cact> 200000 CaHce © 24659-36 
CHCL ~00000 CHE «00000 C2e3N e0ouce €3K0 .o710C0 F2 «00000 

| cL2 «11230-20 Ne 10851490 ce 20000n cro 00000 a3 200000 

, Cc2H3 + 86439-35 C2u6 220206-06 CS" 206006 c3xe 209000 cis 200090 
C3He o73722-31 C345 2 28925-26 Can 200000 ceH2 20000u 

pe. 

I ' 

ss 

i 

: * a 
: 
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Sample Problem 1 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET* PROB, 1 Sooancoesn 
6 & 
CP-FROZEN= «41587400 
PROPERTY ROUTINE OUTPUT IN (B-MASS.FTeSECeRTULANM OFG-P 
Teme vIsc COND Ovar OR sc 7 
225200004 ©32165-04 3 33969-04 297419-04 239403400 272449600 
mul mu2 MOL WT HTIL ceric HTILe % 
280934400 «= 21879402 =, 23272402 =,12491404 =. 7515840N 2.177 S4eU4 
ELEMENTAL K ANC Z MASS FRACTIONS BY ATOMIC HUMBER . we + (GareXY = 667) 
1 4 6 ? e 9 17 106 q 
239722-01 2811096-01 213133400 13745400 223048400 220804400 217147409 .co000 
290963-01 °65695-01 213893400 14526400 223353000 217927400 314635400 .00000 
SOLUTION TIMES 
ITERATIONS = 8 TIME = 3.121 SEC. 
OPEN SYSTEM CHEMICAL KINETICS SOLUTION OUTPUT 
SURFACE IS ATu GRAPHITE 
MASS TRANSFER COEFFICIFNT RoUcM = 296900400 
RHO V WALL/RHOCE UE CH = 214042-02 PRIME = 214042-u2 
STATE AQVACENT TO THE SURFACE « « « « 
TEMP = 2920.0000 DEG 8 = 1400.9000 DEL x PRESS = 31,7837 AT 
GAS CONDF NSFO COMPOSITE 
ENTHALPY = 8TU/LBM =e 24RNAFUG 200000 =e 24RORENG 
ENTROPY = BTU/LBM DEG R 222753401 eCooce 2oon07 
DENSITY - LBM/FTS «39804400 2 SIRUS40U 
MOLECULAR WEIGHT 23,2721 20000 25.2771 
NET FORWARD RATE OF KINETICALLY CUNTROLLED PEACTIONS 
(MOLES OF REACTION / UNIT SURFACE AREA / TIME / RHME VE CM), 2 wo 
is 049622-04 2: 2670AG-04 32 elZ046-11) 4s 2245?Ge9G 52 eTL522021 
6s 230147221 7= 2?7480-26 A= 22641 35-28 
RATIO OF FORWARD TO REVENSE KINETICALLY CONTROLLED PRODUCTION caTES 
is o2743R001 2s «27430601 32 273264001 Ge 227T4SBeny) 52 oTS2A4401 
62 20656402 7= .2NKA2402 B= =. 1 94 PU U0 
CHEMICAL STATE ADJACENT To THE SURFACE 
(MOLE FR FOR GASES = MOLFCILES / TOTAL GAc MOLECULES } 
(MOLE FR FOR CONDENSED = GPRTME COMOENSED 32 6 
SPECIES POLE FR, SPFCIES MOLE FR, SPECIES woOLr Fe, SPECTFS POLE FM, SPECIES MOLE FR, 
co2 285921-02 He «38965600 120 30121201 Ce 20000u cLH 233193-01 
eH +39627-02 BE 246678-13 cCuN 217192-09 c +235552600 cane 215142-06 
c 2 36925-20 c2 3521-28 cs 27 250S-92 ce 224 Ob FL 28 cs 213961-28 
C2RE 031909019 AECL 37 022-09 RECLE OTAGO arcu? 017952201 Fe 275559207 
REF2 2TIAZT<U1 aRHO e1sces-0a EHO 2 OROSE=TO sen20? 222545202 nFO 217680415 
BE2CL« 267036-07 RE202 21AN7%6-12 Aesos TH39-07 46408 2696 D4.05 wesns 2570465-04 
BE606 238201-02 cee o4AASAW10 ccLEO £752-12 ccLrs 2? 7107222 ccu2n 269625-12 
ccuse 124A04-27 cei e231 1h- 22 cfr e1SAS8017 cre 022256213 cre 0464R5-17 
CF20 261265-12 crs 031722622 cee 225891272 cH 01°714%.17 recLe2 261564017 
cHCLaF o14071-16 caeus 492520 1h cCHEO FRAGT eA cus SOURS. CHEN 27684208 
CHNO 2 25429-06 cHo 293430-08 cHe 78062218 cHAcie oS2465212 cH2cr2 29207211 
CH2e2 o473537-15 CH20 025509205 Cod e26152-%6 CRECL 097715206 CHE ePL217-08 
cue ©73102-02 Cn o251Al-12 cere 2d2u46=75 core 24406728 cone 415585-05 
Canso 0235851-13 can? 2 7ASK7=11 c3u? 260518-11 cane eA TPBRLIR fae 245569207 
cur 0 28823-15 cLros e0onnu cues 2or00u cine 17927211 cuNC «40571217 
cLo cune #162*5-27 cLeo e157HS223 e 277422018 FeO 9505 5=18 
N NO #14565-20 fo 261591296 €2U 221925.36 FAN .0n0n0 
4 mS 95288212 HO eh014 e209 war 2551.08 #202 e1TA1S<15 
WSN «22196-0535 wen? o69154-146 ’ 23540015 yo e*ONOS-11 we 222995220 
N20 ©48229-15 n2o3 «Se012-546 U8 .ovone acs .Ouete ° 410560-24 
os 216403-32 ccLar? #22206-2? ccLo 211766-08 cre 011261212 CoF6 2480512386 
FNO2 38056-31 cLNo2 +61906-28 62% 272593229 Enos 200000 HNO 249165216 
BEN 261119-14 MNO? wos 215256 -2A AEC eS91L19.16 Fun? .000N0 
wOo2 +76158-19 nos ce4o «S4NKER A cave 38784217 ccus 211915-19 
F2N2 26653-3546 20? 2202215 HE 2E20 221A TRend the eGR 774.17 C20 269201214 
curs «00000 are «00000 ene ebP4R1 WAL cer 21 8959.12 CON eA9212-16 
c2cus +20215-26 cacre 2938260687 CaHe 226451415 cece? e2A0T0616 CoML 287199611 
cHey 925239-15 cue 2708918 CaF SN 252410065 Fare 200000 f> 254999425 
cLa e77IM17 10 ne «lls05eo0 0? « M4e5n-16 chr «29660-1135 ms 266695619 
cans 230871-10 came «TS9tHe06 caw oP 7T0EA14 C3He o1Se57218 RMR 426247211 
cine «1%696-09 C348 eSTAI2=08 Cer eANSSTAI7 Cane eB5942 236 
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Sample Problem 1 Output (Concluded) 


GRAPHITE SURFACE KINETICS (GASKET) PROR, 1 S00rn0bs4o 
| 6 6 
CP-FROZENS 252269400 
PROPERTY ROUTINE OUTPUT IN LE-MASS,FT+SECeRTUSANN OFG=K 
TEMP vIsc COND OBaR PR sc 
72000404 264280-04 266452-04 255595-03 259561400 272353009 
mui mu2 MOL eWT HTIL cPTin wTine 
«87984400 023467402 ©24810402 384810404 2° 73985400 269927404 
ELEMENTAL K ANO 2 MASS FRACTIONS RY ATORIC NUMBER . «2 6 (GAMFX = 4667) q 
1 ® 6 % 6 9 17 - 106 
034842601 234894-01 +55762¢00 ©75109-01 212072400 299579-01 +A1641-01 2c0000 
259850-01 «34231-01 «53805400 «77467201 212461400 oPR0E5H01 2 7270R-01 200n0t 
SOLUTION TIMES 
ITERATIONS = 6 TIMF = €.693 SEC. 
OPEN SYSTEM CHEMICAL KINETICS SOLUTION OUTPIIT 
SURFACE IS AT. GRAPHITE 
MASS TRANSFER COEFFICIENT RoucM = + 96900400 
RHO V WALL/RHCE UE CM = 290496400 BPRIPE = 2904964005 
STATE ADJACENT TO THE SURFACE . ww oe 
TEMP = 7199.9999 DEG R = 4000.0000 LEG k PRESS = 31,47637 ATM 
Gas CONDENSED COMPOSITE 
ENTHALPY = BTU/LaM 258476404 0000 255476404 
ENTROPY - BTL/LBM DEG & 229015401 2on00u 260000 
DENSITY - LBM/FT3 +14852400 + 14852400 
MOLECULAR WEIGHT 24,8099 0000 24.8099 
NET FORWARN RATE OF KINETICOLLY COMTHOLLED REACTIONS 
(MOLES OF REACTION 4% UNTT SURFACE AKEA / TIME / KHOE UE CMI. 6 ew oe 
1= -.66978-08 2= .50169-0A 3= 63166301 = 41M204-n2 Se. s600e-02 
62 .107%5-02 7= .140K0-03 A= #24109-05 
RATIO OF FORWARD TO REVFHSF KINETICALLY CONTROLLEN RROMUCTIUN KOTES 
2S 32717401 «2S = 612717601 =3= =, 16173401 ue e12717663 Sz .1H17Se02 
6= 220568401 7s 22615740) 8= 033264401 
CHEMICAL STATE ADJACENT TO THE SURFACE 
(MOLE FR FOR GASES = “OLECIILES / TOTAL GAS NOLECULFS 1 
(MOLE FR EOR CONDENSED = RFRIME COPMMENSED be oo 
SPECIES POLE FR. SPECIES SOLE FR, SPECIES SPECTFS ROLE FR, SPECIES PUP Fa, 
co2 +40920-06 2 21422000 420 Ce 200000 cur 225855-01 
FH +23877-01 FE + 66P6U-02 cCCLN co s1A7UG60U ceHe «S7107-01 
c +16639-02 ce 0174 98-92 cs eAL1L M402 ce «74222-04 cs 0133849203 
care 252947-02 BECL +290R2-02 Pe CLE e1t700=91 SECLO 221961292 REF 4347501 
BEF2 0215%6-01 KE HO 269443-96 HEH? eS09TCeO4 sf e202 220260410 REO o91S85-07 
Be2cL4 +11603-08 Beanz +47A66-11 FE S03 21 TKSS215 E404 «31695220 sESOS +60395-26 
BE606 #19430-3) cce 23411-0904 CCLFO 3014909 CCLFS 229419—17 ecien © 065939-10 
CCLaF 54822-1464 ccu4 *105AR2-14 cr 21kU53-03 CFA +10499-04 cre «69644=06 
CF20 +30941-09 crs 23766410 ces 214679213 ch 59996-03 CHCLF2 211099-10 
CHCL2F «67611-11 CHCLS +24204-13 CHFO *28027-07 CHES 270992011 ChN «42689201 
CHNO +14881-06 CHO 2224R2-048 cre 2 OhB6DFA1G ChecLe 21442U-U8 crecre +121195-06 
CHaF2 + 76768-09 cH20 +46237=6 CH3 219066-93 CHACL 222271296 CHBE «76452007 
cHe 212706-04 oN 277934-02 coro 22h 74 1-08 cats +27694-15 c2K4 
c2H4o0 +13140-12 cane o41650-05 cx02 227134-07 care 251149208 ee «11689-01 
cur +186A6-0% CLFOS 237722-34 CLF 239304-70 CLRO «39565-09 CLNO 237979211 
cLo 84935-09 cLo2 214A54-17 cL20 + SRKE5-16 F +4 5651-08 FRO ©45589012 
FN +14854-07 FNO +37965-12 FO 47587-1211 F20 264752018 F3aN 68774219 
H +10666400 wh © S064 S-04 HO 211445-05 42h «75366-0905 #202 016364-14 
HSN 214062-05 HEN? + B9ING3-13 nN 2 BOAR7TN-04 40 +11125-06 noe 275604915 
N20 «73472-11 N203 #11633-26 e208 2h4252=%6 y2o5 -00u0" € «59559-06 
03 16508-2121 CCL2F2 ©13176-13 cclLo 033296205 CFO «10610-046 care 46427223 
FNO2 «41029-21 CLNO2 «23826-20 F2K 2143A1-12 eNOS 074199251 HNO #11725-09 
BEN +1509A-04 HNO? +619AB-16 HOS oTERS9694 4E?0 +12312-06 FaN2 237019-52 
HO2 «10567-1353 Kos ©125186-26 cFr4o 0123146=72 eee +24126-06 ccLus 2 25261-10 
} F2N2 44303417 H2n2 231978209 BE2F2u 257605-06 cN2 +12592-05 c20 +69242-04 
CLES #11706-35 FER +25768-146 FOe e7TLA 54-18 r2h oT AUSIROL Can 261562-02 
caci4 ©20610-14 c2cus +20247=24 C2HF 2 334KR- NG c2cl2 +77916-06 C2HCL +42365-03 
cHCL +68925-05 CHE #10949-04 C2F 3K @6172R-138 FAO -14937-27 Fe +16685-09 
cL2 + 58953-05 N2 +57622-01 nz SONU PA11 CNC +A3n20-07 N38 27390209 
C2nH3 +63326-06 C26 +$7495-09 Ca 686352201 C3re 22deUb-02 CHS 2153190-03 
cSHe «25400-0585 C3H5S e4BATS=05 CoH ohO97TI6NL cure o4S112-02 
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Sample Problem 2 


The shockwave option of GASKET is utilized in this problem. The surface material is made of 
15% SiC/PG. The boundary layer edge state is specified as the stagnation condition behind a normal 
shock wave with an upstream Mach number of two. The shock is assumed to exist in the divergent 
section of a nozzle and, thus, conditions upstream of the shock are calculated via an isentropic 
expansion from input ideal chamber conditions. Since the edge gases contain both hydrogen and oxy- 
gen, all three kinetically-controlled surface reactions are possible. Two temperatures are input 
for both the frozen edge and surface temperature arrays. Finally, the diffusion factors are updated 


for 16 selected species. 
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Listing of Input 


1. SOSA22N4NU 3901. 40,81 -2.0 66.02 0.463 0.0 PROP, 2 
2. 015 
3. 1nd, 
4, isue, 
Se 
é. 1200. 
Ve 14990, 
8. 
S. 6 
10. 1 HYNROCEN 1.008 3.2219 
11, 6 CARSGCh 12,011 255490 1.0 
12, 7  JITRKAGEN 14,0U4 20366 
13. 8 XYGEN 16.0 2.2466 
14, 13 ALUFISUN 26.9e 1,015 
15.6 17 CRLORINE 35.455 oH3OR 
16. 1 6.0 “9999, e.e@ 
17. 16 
18, c G.49100CH 0.74920CH4 0.93570Ct, 1.02670 
13. co 1,01700CU2 1,2914UC 2H 1.174869 0.30140 
20. H2 0, 3893u0H20 0.77490" 0.749390 0.99419 
21, N2 1,u262U0 0.7597uU0? 1.00009CE 1.02530 
22. 3 
¥ 
‘ 
{ 
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Sample Problem 2 Output 


GRAPHITE SURFACE KINETICS (GASKET) PROB. 2 01100NC4u0 


RELATIVE ELEMENTAL COMPCSITIONSs ATOMIC ®TS/UMIT MASS 

AT.NO. ELEMENT ATO"VIC wt ECGE GAS SURFACE 

1 HYCROGEN 1,00656 00322205 -00N0000 

b CARHON 12,41100 29056493 20000000 

7 NITRUGEN 14.0000 06052603 -00090900 

8 OXYGEN 15.0U00N0 eIZQ4A7L ~009N000 

13 ALUMI “Hiv 26.98000 e%1U13U5 20002000 

17 CFLOR TE 35.495500 24053983 -900000U 

14 SILICOr 28,090un0 eVUGNGU0 20037407 

106 GRAPHITE 12,01100 -9000000 20745088 


ELEMENTS HYDROGEN CARBON NITROGEN OXYGEN ALUMI MUN 
CHLORIPIE SILTCON GRAPHITE 


BASE SPECIES H2 co ALN H20 AL 
CLH CHSCL3S Ce 


Sample Problem 2 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) SOLUTION PROB, 2 


DERIVATIVE PROPERTY OUTPUT 
CP=FROZEN CPeEQUIL =OLNPZDLNT «= OLNMZOLNP GAMMA 
042289400 612704401 -.81279400 =. 49323-01 = 611173401 


PROPERTY ROUTINE OUTPUT IN LE=MASSsFT+SECerTUsANN OFGeR 


Temp vIsc COND Uber oR sc 
+70216404 26295N=94 2 B4839-04 +24661-03 229753400 0 72419400 
MUL mu2 MOLewT TIL ceric HTIL® 


«73200400 219437402 33303402 269193404 #96142400 243301408 


ELEMENTAL K AND Z MASS FRACTIONS RY ATOMIC "UMBER « « «© « (GAREX = 2667) 


1 6 ? 6 13 17 14 196 
o 324 78-01 »67853-01 275170-91 0 55979400 2 27332e00 229139600 «N00 290004 
211322400 «11673400 12994¢00 «26974000 f6727201 «2A 364000 «00000 00000 


SOLUTION TIMES 
ITERATIONS = 27 TIMF = 5.727 SEC. 


CLOSED SYSTEM EQUILTBRII4 SOLUTION ou TPUT 


MASS CONOFNSEO/MASS GAS = «72922400 

TEMP = 7921.6000 DEG 8, = 3901,0000 DES K, PRESS = 68.02009 AT 
GAS CONDENSED COMPOSITE 

ENTHALPY = BTU/LOM 219521404 = e4S2h4 ene =. 78078493 

ENTROPY - ATL/L4™ DEG & e221bGeul oWnOGe en 220971L¢u1 

OENSITY = LBR/FTS 25544400 44172400 

MOLECULAR WEIGHT 19,2566 161.9609 33.3027 


CHEMICAL STATE (MOLE FR, = MOLECULES / TOTAL GAS PHASE MOLECULES) «« 


SPECIES POLE FR. SPECIES MOLE FR. SPECIES *OLE FR. SPECTFS MOLE FR, SFECIES 
co2 +66796-07 #2 232612000 420 «10142000 Ce «60000 cle 

AL «34049-02 ALN +62793-06 CH3CL3S 200000 cG 219254600 C2H? 

c ©61816-07 ce oF 2773-11 cs 255950414 c4# 2610U5-20 cs 

CAL 2©158235-0A8 Acct «30949991 ALCLO eSTABT ONS aucle e10U91-ui eLcci4 
ALH «479A5-028 ALHO2 926119492 4L0 022265-02 acecreé 228514210 alae 
AL202 213163-04 cect 240185-08 CCLN eDIUARDeUT ecieo 21366 5-08 ccLs 
cH 246292-07 ceHeLS +21AG35-13 CHN 012577=04 CHNO 271144-06 CckO 
CH? +20564-07 cHeCcL? *62569-11 CH20 ©22209-05 chs «12179-06 CH3CL 
cH4 «2129-07 CN 261006=-06 Cane 013280-11 can4o 240575415 cane 
c302 o67075-11 C4H2ST -u0cod cane 224946919 cL 19095-0901 CLHO 
CLH3STE «80000 £LNO 220164-96 cLo 19467-0904 cLo02 «46439-09 cust 
CL2H2st 00000 cLeo 230342209 Cv2st «00000 CL3HST tocod cust 
Lal 2 92093-01 HN oD493S4—06 40 016302-01 4S! 90000 4aN 
H202 © 78294-06 H3N ©16734-04 HON o46761-11 44st .000u"U ' 

NO 2 14AR9-02 no2 214505-06 “ST -90000 “20 222U32-06 "2038 
N204 267070-19 N205 216945-22 9 226379=92 osl «90000 92st 
03 +17671-09 st .00000 S12 .0anu0 sia .0000U ccLoe 
CLNO2 «1785011 HNO 234765405 HNO? 220577 HT HNOS 210050-11 ALA 
HO2 «20316505 KOS #31540-12 ccL2 219426409 cets 289640213 H2N2 
cNn2 228294-09 can 6 7A27=NA Cen 010781-98 csi 200u0"U csi? 
Can 280606510 c2st .u0nne "S12 .000%U cecle 241566-20 COCLé 
aloe 2 3084408 cec.2 eEBSO 9213 CAHCL 027560410 CHCL 38221208 cusst 
cL2 +24563-04 N2 PPS27H-01 92 2 52099-03 cng + 14647-06 nS 
C2H3 +50616011 C2H6 242956415 C3 012592212 C32 219796-13 CAMS 
C3HY 26657016 Cc3Hs 029253415 aH 22US27=#16 4H? 228295417 ALCLO® 
csie 20006u clans «coono Cunbl.Oue 2099600 ALCL Ze .onono ALNe 
“AL205SIe 00000 C3ALGe 200000 "USTte 200000 ale .000uu AL2O3e 
o2sis «00000 Ste -00r0d WLO0l3se 240n00 


143 


POLE Fa, 
«13317+00 
+21093-08 
15083-23 
© 16895-03 
14053-0602 
2169489~16 
«43191-08 
265644-09 
014794-10 
18983-0484 
209090 
.090°0 
 S3S83-046 
eH 3ATHA04 
©652539-146 
00090 
012090206 
2 30323-02 
31542-0868 
200090 
256177229 
«00090 
«19382-0868 
21630114 
209090 
.onong 
«18774400 


Sample Problem 2 Output (Continued) 


GRAPHITE SURFACE KINCTICS (GASKET) PROR. 2 2000200000 
DERIvaTIVE PROPERTY OUTPUT 
CP-FROZEN CPeEQUIL = OLNM/OLNT OLN /OLNP GaMMe 
242237400 213666401 -.90234+00 +93735-01 011154401 
PROPERTY ROUTINE OUTPUT IN LB-MASS.FT«SECeATULAND OFG-R 
Tene vISCc COND Osar PR sc 
266843404 = .62125-04 = .83769-04 .39809-05 .2073R+00 .72416+00 
MUL Mu2 MOL .WT HTIL cOTIL HTILe 
72854400 019343402 «32992402 +66964+04 «96181400 244251004 
ELEMENTAL K ANC 2 MASS FRACTIONS BY ATOMIC NUMBER « « + + (GAMER = 1.667) 

1 6 7 8 13 17 14 106 
032678201 = 6678535201 =. 75171-01 «= 6 35979400 «=. PTS3Z2400 = ,.19138400 =. nD 00000 
211334400 #1162900 212945400 6286969400 6775701 + 2A347+00 -90000 00000 

SOLUTION TIMES 
ITERATIONS = TIME = 1,144 SEC. 


CLOSED SYSTEM EQUILIBRIUM SOLUTION OUTPUT 


MASS CONDENSED/MASS Gas = 
TEMP = 68864%.3399 DEG 8. 


ENTHALPY + 8TU/LBM 


ENTROPY = STL/LBM OEG R 


OENSITY - LBF/FTS 
MOLECULAR WEIGHT 


CHEMICAL STATE 


SPECIES 
co2 

aL 

c 

CAL 

ALH 
AL202 
cH 

cH? 

cH 
c3o2 
CLH3SI 
CLan2st 
# 


cstie 
AL205SIe 
o2ste 


POLE FR, 
+66546-02 
«58012-02 
042776-07 
©91926-09 
42854203 
213715-04 
+26478=-07 
+10254-07 
+83002-08 
©22951-11 
«00000 
200000 
«1d2cceae 
+60506-06 
015441-02 
«3380719 
2166a7-09 
o1lAGB-11 
+#186717-05 
+15420-09 
«30556-10 
«34069-03 
«21420-04 
213389-11 
91207-1317 
200000 
«00000 
«00000 


(MOLE FR, 


«72521400 
= 3824,63533 DEG K. PRESS = 40,81000 ATM 
Gas CONDENSED COMPOSITE 
2197094046 45750404 =.780735403 
029646401 297375400 021277401 
215522400 226779400 
19,1235 101.9600 32.9921 


= MOLECULES / TOTAL GAS PHASE MOLECHILES) eevee 


SPECIES MOLE FR, SPECIES MOLE FR. SPFCIFS MOLE FR, 
42 «31914400 H2U0 «9956-91 ce 290000 
ALN + 50K42-06 CH3CCSS .0u0GeU co 2179648600 
c2 23449841 c3 215450014 ce 297545-21 
ALCL «31656-01 PLCLO 260046402 aici? A7705-02 
ALHo2 +26300-02 4.0 24446202 AL2CLA «7925911 
cece «23072-08 ccuN eo 32720207 ccren «T4694-09 
CHCLS 271P 24-14 CHw 272273205 CHNO +41045-06 
CrecL2 21424-1111 CH20 12917-0905 CHS 254189.07 
CN 2514460-06 C2Hs 2 3074R-12 C2n4n eA4T72216 
C4K2sI «0000 Cane 2 351535-20 cu 221254401 
Cuno 215342-06 cLo 214806204 cLo2 «38065209 
cL20 221360609 cles: 299000 CLSHSY 290000 

HN eH 3RRGH TE ao ef 7379241 4st 200060 
HSH 299807205 HON? 214790411 HGS] 200000 
NO2 13285-96 "st «00000 v2o 217530-06 
n205 2 72599-23 © 2 31969-02 Osi .00000 

SI -00000 st2 200000 SI3 «ON0nu 
HNO 227TURT A058 HHO? 021334-07 HNO 265512-12 
NOs «23774412 ccl2 295704010 ecus 34941213 
c20 «33590-0848 Can 242842209 csi 200000 
c2s! 00000 NSI2 00000 c2cls «7789021 
c2cr2 #2816613 C2HCL 292964411 CHCL -18461-08 
N2 +8 76A4"01 02 © 3887R<05 cNO 2 F9SA47207 
C2He +631A3-16 C3H 31154013 c3H2 021307214 
C3H5 +31436-16 caH 230331217 CoH2 «31691-1848 
CLHONe 200060 CLY4NOGe -00000 ALCL3e 200000 
C3AL4e 200000 NGSI30 -90000 ale «0000U 
Sie 200000 ALE013Se «00000 
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SPECTES 


ALNe® 
AL203¢ 


POLE Fa, 


210119¢00 
© 74198209 
2153e1-24 
«12395-0383 
#146%7-02 
«SOSTL<17 
+29745-04 
024258209 
e497? Poll 
«15154-0484 
.000n0 

209090 

22296 5-94 
«41630-0484 
o37S17-14 
2G00N0 

2839N0-05 
©30318-02 
1600-08 
20000 

6814-30 
200000 

©60618-09 
© 26940-15 
«00000 

200090 

«13692400 


/ 
i 
' 
| 


Sample Problem 2 Output (Conti 


GRAPHITE SURFACE KINETICS (GASKET) PROB. 2 3000100800 
DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CP-EQuIL OLNM/OLNT OLN#/OLNP GaMmmMa 
042267400 211508¢01 -,62610+00 233430-01 e11111¢01 


PROPERTY ROUTINE OUTPUT IN LB=MASS«FT+SEC*BTU+AND DEG=R 


Tene vISc COND OBaAR PR sc 
058395404 «= S5713-04% =. 7722904 = 22498-0251 9013400 72459400 
mul mu2 MOL. WT HTIL cCPTIL HTIL® 


«71314400 ©16914402 234303402 54259604 © 98836+00 «35344404 
ELEMENTAL K ANDO 2 MASS FRACTIONS BY ATOMIC NUMBER « « « + (GAMEX = 4667) 
7 8 


nued) 


1 6 13 17 14 106 
#32478-01 ©67853-01 «75170-01 +35979+400 227332400 «19138400 .00000 -00000 
012227400 «12477400 «13877400 +26677400 2 35429-01 231199400 ~00000 .00000 

SOLUTION TIMES 
ITERATIONS = 6 TIME = 2.154 SEC. 
CLOSED SYSTEM EQUILIBRIUM SOLUTION MUTPLUT 
MASS CONOFNSEU/MASS GAS = 2 6B1H4400 
TEMP = 5839.4862 NEG XH, = 3244,1602 LEG K, PRESS = 5.49583 ate 
Gas CONDENSED COMPOST TF 

ENTHALPY - BTU/LAY +14629404 = 249298404 me1 5324004 

ENTROPY - BTL/LE™ DEG R 231944001 091 7KS400 021277401 

OENSITY = LBM/FTS 22349Z°01 244205401 

MOLECULAR WEIGHT 18,2305 101,9600 34.3033 

ABOVE ARE STATIC PROPERTIES HeKINETIC = 275168403 STU/LAM 

VEL. = +6134e0u FT/SEC FLUX = «27115403 LAM/FT2SEC MACH = 2.aen09 

CHEMICAL STATE (MOLE FR, = MOLECULES / TOTAL GAS PHASF MOLFCIILES) eseee 
SPECIES POLE FR, SPECIES MOLE FR, SPECIES POLE FR. SPECTFS POLE FR, 
co2 057216-02 He + 35AR96e00 "20 eAS42G~N1 ce «00000 
ae 210239-02 ALN +26250-07 Cr3cuss oun co «1A6U6400 
c + 22047-0F ce SERG GAS cs oP61US=17 c4 275224226 
CAL #13454-10 ALCL +191 e3-01 ALCLO 0 F1966-92 acc? «59746202 
ALK +66559-04 ALRO? +7T362-08 eur GSTAAD ar zcve B72 Kbn12 
AL202 ©16610-05 cce e107 8beng9 cctn «SIR GGFR ccven 097612210 
CH 10625-0868 CHCL3 0231 64-15 CHW 1462572905 cHro 255776207 
cH2 «52156-09 CHacL2 elOKAI=12 cHeo «20662=76 CHS «45U8U.08 
cCHY +87956-09 CN 249273207 Cane +60120-14 Cano +50464.16 
c3s02 ©52186-13 C4H2ST «UCnou CaN? 236796225 ce 019762201 
CLH3SI 200000 CLND ©14006-07 coo 7 56R28-05 cLoe 212646210 
CL2n2st «00000 CL20 +1156 9-10 clésr 00000 cLansy 200000 
H ©80459-01 HN © 70494-95 HO e741 31-02 HSI 200000 
H202 e474 R407 HSN #22441-05 HON? ©16131-13 H4SI «00000 
NO ©46806-U3 No2 699751 =08 NST «00000 N20 019263-07 
N204 ©26890-22 N205 +10035-26 c 210040-n2 osl 200000 
03 o31641-11 SI «00000 sie 20o00u sis ~00000 
CLNO2 +23702-13 HNO «31141-06 HNO? +11069-08 HNOS «7B013-146 
HO2 +16206-06 NOS 23454-1214 ccle o44799—11 ccu3s «10606-1146 
cNn2 «36106-11 c20 +15467-09 C2n o13260-10 cst 200000 
c2n 2dD699-12 Cest +00000 NSL2 «00000 cactu o35771-23 
ALO2 249744604 c2cre #61986-15 C2nce ©31046-12 cHCL «79986-10 
cL2 +10691-04 N2 +91795-01 02 «93117-04 CNO «73102.08 
c2uH3 #19746-15 C26 39104418 C34 227295015 c3H2 +10612-16 
C3Hu #31700-19 C3H5 93164-19 cay «51075-2n C4n2 #56120-21 
csie +00000 CLH4Ne «00000 CLHGNOUe 200000 ALCLAe .00000 
AL205SI¢ »90000 -C3AL be «00000 n4aside 200000 ale 200000 


O2SIe 00000 Sie «06000 ALE013S¢ 200000 


SPECIES 
cLH 


ALN® 
AL203% 


MOLE FR, 


«13076400 
© 34405-10 
©42889-28 
491144-04 
022585203 
69790719 
250788-05 
017694410 
«12991-12 
23580205 
200000 

«00000 

2 59576-08 
+ 766935-05 
012679-16 
200000 

4 16998-0585 
210207-02 
+ 74806-10 
«00000 

33426-3535 
200000 

©20735-10 
©11610-17 
00000 

200080 

15764400 


Sample Problem 2 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR. 2 4000300000 


DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CPeEQUIL OLNM/OLNT OLNM/OLNP GAMMA 
042208400 114694401 -.95479400 .55542-01 411133401 


PROPERTY ROUTINE OUTPUT IN LB=MASS,FT+SEC+RTUSAND DEG-R 
TEMP VISC COND OBaAR PR sc 
266873404 260935-04 282537-04 267562-03 220531400 72416400 
MUL mu2 MOL WT HTIL cPTIL HTIL® 
«72372400 2019211402 232842402 2067796404 296604400 244566404 


ELEMENTAL K ANC 2 MASS FRACTIONS BY ATOMIC NUMBER « « 6 © (GAMEX = 4667) 
1 6 z 8 13 17 14 106 
232476201 .67A53-01 «6 75171-01 =. 35979400 =. 27332400 =. 19138400 =. 10000 «00000 
211435400 411673400 412993400 .28765+09 .65569-01 42657840 00000 -90000 


SOLUTION TIMES 
ITERATIONS = 6 TIRE = 1,A42 SEC. 


CLOSED SYSTFM EQUILIBRII™ SOLUTION nUTPUT 


MASS CONDFNSED/MASS GAS = 273616400 
TEMP = 6687.2614 DEG R. = 3715.1452 VEG Ky PRESS = 22.914R2 ATK 


Gas CONDENSED COMPOSITE 
ENTHALPY ~ BTU/LAM 019543404 = 246420404 284259603 
ENTROPY - BTL/LAM DEG & 239291401 696306400 o21534401 
OENSITY = LOP/FTS eBATS3-U1 215409400 
MOLECULAR WEIGHT 18,9163 101.9609 32.8417 


vEL2 = el76uen4% FT/SEC MACH2 = 252408 THETA 2 = 2000000 LEG 
ABOVE ARE STATIC CONDITIONS DOWNSTREAM OF THE SHOCK FOK wees 

VEL1 = 4413404 FT/SEC H1-STATIC = -4155+04 ATU/LOM H-TOT = =,7H1403 ATUZLAM 
Pl = 5.49553 ATM RHOL = 24420301 LAMZFTS THETA 1 = = .UU0G0H NEG 


STATIC CHEMICAL STATE (MOLE FR,=MOLECULES/TOTAL GAS PHASE MOLECULES) eee 


SPECIES MOLE FR. SPECIES MOLE FRe SPECIES MOLE FR. SPFCIFS MOLF FR, SPECIES MOLE FR, 
co2 265572-02 H2 231644409 H20 2957644901 ce .0000U Clr 219146490 
56066-02 ALN 2348 4a06 CHSCL3S #00000 co 217694400 C2? 224690209 
+25328-07 ce #11A8A-11 c3 236156015 cu #12391-21 cs 212456-25 
42995-09 ALCL +31215-01 ALCLU «d9265-02 ALCL? «75948-02 ALCL 93504-08 
«34166-03 ALHO2 024155-02 alo 225390202 AL?CLe +27006-11 AL20 213299-02 
+12234-04 cee «11578-0686 CCLN 216876-07 erveo 236451209 ccs 214001-17 
213112-07 CHCLS e21AgZ-14 CHN 4OR59205 CHRO «22341206 CHO 219180"04 
©46012-08 Ch2cL? #72125-12 CrHe0 071645=06 crs 22281 9euT CHSCL 2 665Al“10 
«31906-0868 Cu 229621-06 cane ETH THIS Coker 215619-16 Con? o15512-11 
© 70593-12 C4H2ST .0onod cane 2 S61E9-71 ct 423)5U-9) CLHO 211785-04 
200000 cLNG 21U243-96 clu 216 222=04 cLod 225159209 cLSI 00000 
200nvu0 01284719 CLs! 2uNn08 CLAHST eungou CL4sr .000N0 
210949400 oS1AB4 RNG HO el7annert HSI 20Cuna HON 214685-06 
40452-0686 eDT4RS=08 Hae 4U745=12 H4sI .0n00u t ~35565-06 
©14605-02 ©10217-06 NST 2¥00U0 N2U 212316-06 N203 015545-14 
011272-19 s e1b577H-24 i) «3461042 Osi -00000 o2st 0000 
211910-09 ebuorU sl2 eonnnn sts .000UU ccLo 254905-05 
2©63045-12 019269-05 He ol S4esen7 mNOS 233111-12 ALKO «2088-02 
614622-05 o13578-12 ccle 40636410 eeus 11994-1353 aN? +72596-09 
255106-10 214716=0A can 215815209 cs! 200u00 csl2 .090N0 
21010210 200000 wSt2 .0oune cacka 21261921 cecia oSTHR2231 
«322A3-03 081011414 CAHCL 2898)-11 CHCL. ©79824-09 CL3S1 200000 
o16137-04 é 06734101 ne o411l6R-n3 CNO 053474207 NS 2 301K4209 
032186-12 ©86908-17 c3h 96 A220-14 c3H2 36974215 C3HS © 39846916 
o11337-17 30216417 Cun eBALABA1A cuHe 235184219 ALCLoe «00090 
00000 200000 CLH4NO4e =, 0000 ALCLYe «90000 ALNe 200000 
AL205SI¢ cocou «00000 naSyse ,ounne ALe 200000 AL20%8 213658400 
Oaste 00000 200000 AL6013Se 200000 


Sample Problem 2 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) SOLUTION 


DERIVATIVE PROPERTY OUTPUT 
CP-FROZEN CP-EQUIL DLUNM/OLNT OLNM/OLNP Games 
«42198400 214901401 -,97911+00 57415-01 ol1237¢01 


PROPERTY ROUTINE OUTPUT IN LB=MASS«FT+SEC+PTUCANN UFGeR 
TEMP vIsc COND OwaR PR sc 
267695404  661431-04  ,82941-04 .59241-03 =. 20701400 =, 72413400 
mu1 Mu2 MOL.WT wTTL cPTtL HIILe 
672531400 19255402 432735402 468589404 .96296400 =. 45142408 


ELEMENTAL K ANO Z MASS FRACTIONS BY ATOMIC PUMBER « « © © (GAMEX = 4667) 
1 6 tz 8 13 17 14 106 
©32476-01 +67853-01 o75171-01 235979400 627332400 2 19135A+00 90000 200000 
211354400 +11600+00 012912400 028951400 oh8365~=01 226346400 +00000 200006 


SOLUTION TIMES 
ITERATIONS = 3 TIME = 2954 SEC. 


CLOSED SYSTEM EQUILIBRIUM SOLUTION CUITPUT 


MASS CONDENSEO/MASS GAS = «72300400 
TEMP = 6769.4843 DEG R. = 3760,8246 DEG Ke PRESS = 26266895 ATM 


GAS CONDENSEO COMPOSITE 
ENTHALPY + ATU/LHM +19907+04 = e4h140404 =. 7A07T3403 
ENTROPY - BTL/LAM DEG 2 239105401 «96603000 021534401 
DENSITY = LOM/FT3 10248400 017654400 
MOLECULAR WEIGHT 16,9990 101.9600 32.7352 


ABOVE ARE TSENTROPIC STAGNATION CONDITIONS OOWNSTREAM OF THE SHOCK FOK . « « 
VEL1 = .613904 FT/SEC H1-STATIC = -2153404 RTU/LAM HeTOT = -.761405 BTUsLBM 
Pl= 5.49553 ath RHOL = 244203401 LEMSETS THETA 1 = 2000009 NEG 


ISEN. STAG, CREMICOL STATE (MOLE FR.=MOLECINES 7 TOTAL GAS PHASE MOLECLILES),. 


SPECIES MOLE FR. SPECIES MOLE FR. SPECIES MOLF FR. SPECTFS aie FR, SPECTES MOLE FA 
co2 26624402 s31a44en0 20 296757201 ce .60000 .99499-01 
AL #41177-02 241753-96 CHSCL3S 200000 co 17627200 2 51299-09 
c «31162-07 21651511 253108915 c4 2117202) be «23125-25 
CAL »57655-09 ©32086-01 061418-92 ALCL? 077736-02 095705-06 
ALH + 38606-03 é © 26199—02 226040402 AL2CL 6 o32035F-11 d 2149925-02 
AL202 +13972-04 214415-08 «19762-07 e45U73 209 e1AR20~17 
cH +16502-07 © 2BU05=14 e4626R-05 625955206 C 221769-06 
eH2 «57256-0R ©90902-12 ‘ AP 266-96 o27T66 5-07 L 210615-99 
CHS 2 3A125-08 + $5097-06 091729215 o2SUF7 ATE 229210032 
c302 2941235212 -yoonu eh1 212-01 225115201 212976-08 
CLHSSI «00000 12094406 21H052-04 2 31630-09 200000 
CL2Hest «00000 215714209 UL) CL3HST «90000 200090 
Lal «11054400 «361357208 elb1Abe AL 481 .O0U0U 15675-0868 
+4A266-06 264623205 N ob6897912 asl .0000u 259A 0-04 
©15772-07 212161-06 S acne Neo 2 14360-06 o2311 2014 
216551-19 ‘ + $4539-23 S709Z%=02 osl 20CU00 2voono 
215521-09 .0N000 é 240000 sts .oooou 261655=05 
«62745-12 +22406-05 o16511-07 HNos @45079-12 2 30065-02 
17225-0858 01638512 2 2075910 ccus 215526-13 290A 50409 
7173510 D + 18641-08 219865-09 CsI 200000 cS 200000 
13594210 b 00000 s «00000 cece 21926221 ©19207-30 
+ 36435-08% g ©10809-13 23756F 11 faa «LUU42eUR .000uU 
219006-04 fi 1865990-01 2449502038 cho «64254207 w 383A2-09 
044419412 012957-16 0977549 c3H2 259944215 «6065-16 
+17612-17 049639017 o62057=16 Cure 257563219 209090 
«00000 sonnne CLHUNOUe 200000 ALCL 4 200000 o00nno 
AL205SI¢ 200000 «C0000 NUSI3¢ 2uhoud ale 200000 AL203® 013472400 
O2SIe «00000 00000 AL60135Se 209000 


GRAPHITE SURFACE 


Sample Problem 2 Output (Continued) 


IWETICS (GASKET) PROR. 2 Cosoncoe0n 


UPDATE OF OIFFUSION FacToRS 


SPECIES OIFFUSION FacToR 
co2a 1.29180 
42 
420 
co 
Cane 
ce 
ca 
ch 
CHe 
cn 
” 
N 
NO 
0 
nN? 
62 1.00000 
DEALVATIVE PROPERTY OUTPUT 
CPoEROZEN CPeEQUIL OE NMZOLNT DUNM/DL NP CAPRA 
039796000 26386593002 =, 39322001 2 ICEUG—0) 099911000 
PROPERTY RONTINE OUTPUT IN LH@MASS.FTeSECeRTUSAND LEG@R 
Tere vasc cond Deak pR sc 
21A000004 223575-08 0221 %3-08 263600 o 16 026968000 272409000 
pur nue POL kT WIE corte wIILe 
2763A0600 «= BAGZACU2 «= 32735002 «= 1521560 = .eRTSG000 «= _, SBP 77003 
ELEMENTAL K ARC 2 MASS FRACTIONS BY ATORIC PUMHFR . 2 6 6 (OAMEX S 6667) 
1 6 ? e 13 a7 14 106 
03207H-03 «= GT7BS3-01 = THUTI“01 «= SHHTHONN §=«_ . PTSSHONU =, 9DSHOGHD =. NOE 290000 
09257601 0121406009 o13078e0n 2 f9EBH00N 26S 289201 22755000 209000 ehovoe 
SOLUTION TIMES 
ITFRATIONS = TINE = o4A3 SEC. 


CLOSED SYSTES EQUILIARIII4 SOLUTION QUTRUT 


MASS CONUFNSED/4&8SS OAS 
YEmP = 1A00.U000 UEG 4, 


ENTHALPY - BTU/LAM 


ENTROPY - STL/LoPY OEG & 


DENSITY = LAPs/FTS 
MOLECULAR WEIGHT 


CHEMICAL STATE 


SPECIES 
coa 

aL 

Cc 

cat 

aun 
al202 
cr 

cw 

che 

c302 
CLMSSI 
CLaweast- 
” 


AL20Sste 
O2Ste 


POLE FR,’ 
066244202 
041177202 
0311642-07 
057685-09 


© 586N6-05 
13972-0868 


0357266-0"F 
+38125-08 
2901252127 
2ononu 

200000 

211054e00 
048268-06 
01577220? 
018551-19 
215521- 
082705-17 
017225-08 
eT1L73S-10 
013596-10 
256455208 
219006-U4 
249619212 
o17612-17 
200000 

200000 

200000 


o72509Ne 00 
= 1000,00u0 CER «a, PRESS = PHERADD GTP 
Gas CORUFASED CONF OSTTE 
-025724003 oh 7S9bO0% 02 97THONS 
«242352001 o82250000 015835001 
2 SN5435eu0 266609000 
1A,9990 101.9600 352.7482 


(MOLE FR, = FOLECULES / TOTAL GAS PRASF FOLECILES coos 


SPECIES MULE FR, SPECTES PULE FR. SPECIFS POLE FAR, 
he e3LFeeene 20 IETS TON ce 20n00u 
ALN 24175$-06 CHSCLSS 009u0 co 217827000 
c2 216%15-11 cs 53108-1585 ce e231 72071 
acti 0320845201 ALCLO e641 2 ALCL? 077736202 
ALHO2 026195007 ALO 226080002 acecre 32058011 
cece 21441 5-08 cel ol9762°67 ccLen 045075209 
cress 228405218 cH 2th 268=N5 cere 225955298 
CHecL? 290902232 cH20 oP 2706-06 ces 2 27TKh63S007 
cK 0 SD0S726 cone 271725018 C2me0 o25097216 
CeH2ST euoruu cau ehlelrerl cL 023115201 
cLNC 01 2094-08 cue 2 lPOS2-04 cise 251659209 
crec 01572409 ces! «00900 CLSMST 2unoou 

HN of0137-04 HO eTh1AGend 4s? .000uU 
w3N 0646 25—95 ware eDhSIT HD 44681 e00u0"U 
NO? 0123761296 “St 2u0000 W2 01456006 
N205 2S4559-23 o 247092—02 osi 00000 

s! 2uoune st2 200706 sis 20n00u 
wNU e22406-05 mhO? 21hS11-07 HAUS 25079212 
no8 183535012 ccLe oS0759-10 eeu 215528213 
c20 el PRG -08 cen 21 4AGSaN9 cst 29000 
Céest 20000 gt? 20000 cauls 219262221 
rece 10809-13 Caney oS756HO11 cHeL 210062.08 
Ne eheyyu=01 92 24695u—n3 Ae 266254207 
C2nk 012457416 C54 97 T5Ga 4 C3n2 255444215 
Coes e696 39017 run oF20572948 Cane 257365219 
CLHuNe 2vo0n0 CLHGAUes =. 00000 ALCL Se 200000 
CSALGe e600 nasise 2n0NGe ate 200600 
Sle eCOnnd AL6015Se 2¥l0Ol 
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SPECTES 
Cin 


MOLF Fa, 
099490001 
031299209 
023195225 
2957AS one 
0186925.02 
018620017 
o217KI9208 
010615-09 
20210011 
012976-06 
2000") 
200099 
214676-06 
259800208 
o2dive-te 
20000 
2616595205 
2 30085-02 
290880009 
2000R0 
210207-30 
-000u00 
2 358582-09 
2606°8-16 
«000990 
200000 
213472000 


Sample Problem 2 Output (Continued) 


CPoPROZENS = «=. 37630000 


PROPERTY ROUTIRE OUTPUT IN LA-PASS.FT+SECOHTUCANN DF ok 
Teepe vise COND Oar eR Sc 
081608088 §=—« . 268 08-08 =. 25662-08 =. 0908N-08 = , SGBLACNN =, F2eSTe00 
wa mua ROL UT wTEL cerue HTILe 
eODOSTCOR =. 2053H002 = . 25BAGC02 -.1181040% «=. BAOATCDD ©,15950008 


CLERENTAL HAND 2 MASS FRACTIONS BY ATOMIC HUMBER . . 6 « (GAPEN & 267) 
1 6 ? 6 13 1? 1 
e8OO8GoH1 =. 20165000 =. 12071000 =. 24012000 §=—« . PBSRFM1 =. HNOSSeUL =» 8G 74208 
09623S-01 =. 12809000 §=— 13073000 §=— «29S 4%000 §=— 9799-01 =. ZNTS1000 «=. #H#902-05 


SOLUTION TIMES 
IVERaTIONS 2 29 TIME = 9.589 SEC. 


OPEN SYSTEM CHEMICAL KINETICS SOLUTION OUTPUT 

Suapact Is SIC/PG 

MASS TRANSFER COEFFICIENT RoUCe = «#6300000 

Rw WV WALL/QHCE VE C# = o48659-08 HERISE © 146639-06 


STATE ADVACENT TO THE SURFACE . « « « 


TEMP = 2160.0000 DEG 2 = 1200,0000 DEG x PRESS = 26 .66895 ATO 
GAS CONDENSED Composite 
ENTHALPY - ATU/LAM 018525004 -uncoo sel doze Sens 
ENTROPY - STL/LHM DEG 4 220037¢01 2on0n0 290000 
OENSITY - LAA/FTS 248759000 2e37590NU 
MOLECULAR WEIGHT 25,8662 .0c00 25.A482 


WET FORwARr RATE OF KINETICALLY CONTKOLLED GbacTTONS 

(POLES OF REACTION / INIT SURFACE APER / TIMF / PHNE VE CMbe 0 oo 

is eS9SA1L-00 2= e27a0l-uS 3a 22250601N ws 221079223 b= 21GA7TH26 
6s .667%1-26 P= 8 .60827-32 B= 2 SUB3H~Sa 


RATIO OF FORWARD TO REVERSE KINETICALLY CURTHOLLFR purnUCTIOr artFs 
is 232888001 2s 237886001 52 el0bloe02 we eS2hhoent = el MAlb60u2 
6s 235572002 T= 282073-0% B= 049184406 


CHEMICAL STATE ADJACENT TO THE SURFACE 
(ROLE FR FOR GASES = ™OLECILES / TOTAL GAS MOLECULFS ) 
(POLE FR FOR CONDENSEN = APRIM@F CrNUENSED De «6 6 « 


SPTCIES FOLE FR, SPECIES ULE FR, SPECIES POLE Fe, SPECIFS 
co? 2SOATS=01 Ke 24250 ° “290 elS1tsero Ce 

a 227935-146 4UN +206%6-21 cHSCL3s 222332-n9 co 

¢ 212600-28 c2 1598-20 cs 24768027 ce 

cau 276628-2" ALCL oS73€ 9-06 accue 218827-05 aLcl2 
aLn 235086-15 ALHN2 T8119 06 ALO eludsereie SLacré 
aL202 226095-17 cece o21n45-25 cc oll77%e11 ceien 
cn 238662-21 CHCLS 8 2540-19 cH 246619=05 CHRO 
cna CHacr? 212754-12 r™20 elht 06-05 cHs 
cH cn 2838430015 Cone 2 56053=06 Comen 
c302 226131-12 C4aMast e2U8P7H15 cau2 212867+71 co 
CLMSsI 13868-08 CUNO o14AGI~-19 cu 292521219 cLoe 
CLawast oS 79A9-07 cL20 223461227 ciest 21163907 CLSest 
” 228A00-07 wr e8O7TS9-18 “oO eh7T277%H10 WS? 
“202 216396-16 *3N HUA TONS en? 214566-16 “ust 
no 019821-12 x02 023967-272 ‘si o110F1-16 w20 
n208 200000 N205 20uNN0 ° 242029-17 os! 
os o53704-36 st o9BRSU-18 $12 ol#7h1-76 Sis 
CLNO2 250691-32 mRO 15797438 HaO2 262473220 “nos 
wo2 ©11599-20 nos 0S849)-57 ccu? oe S7561-21 ec.s 
cre © 37960-29 c2o 232165616 Can 01 72A98215 csi 
can 210942-19 c2si 266610-78 "Ste o21b?2-r1 cae 
aLo2 238095-15 c2cr2 4032070 CaMee o12h4 2-18 cwce 
cu2 252315-12 u2 *102Nbenn ve 2 ThESmH lA a 
c2ns 250926-12 C2hA e27811-05 cue 295216498 csu2 
cane 0 77395-11 Cone od 2-09 run PS ures | care 
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106 
enonnn 
e00n00 


POLE Fr, 
20u00"u 
219997005 
213707248 
297685-03 
227904—-027 
eO2767~-38 
212279206 
23uG78.07 
ULE ty 
0535377209 
247599235) 
259U19.07 
253959216 
072523210 
216021216 
225252-05 
51294-3532 
222169250 
#75065-26 
1171227 
021724229 
011998016 
035204015 
014915-16 
028952217 


SPECIES 
ina) 


MOLE a, 
210280003 
24% ie 
52747238 
eABTRZ-03 
o771Si-13 
298908-27 


262061-13 
2S2085-18 


282181609 
022579-10 
015982206 
as 
22966 5-20 
2000090 

293570207 
212775023 
21498462138 


Sample Problem 2 Output (Concluded) 


GRAPHITE SURFACE KIMETICS (GASKET) Pron. 2 Seorcogesn 


CPPROZENZ § —. 5R035000 


PROPERTY ROUTINE OUTPUT IN LASMASS SFT eStC enTUSARD DFGER 
Tene vIsc cont Onan or sc 
e8B200008 =. 296 9AH1H = 5 29ZHA-0H =, ABNYYNS «=. SAGTTONN «=. , PAU T100N 
wa fue OL out wae corte. ulice 
282010000 =. 20269002 = . 24940007 =. 7D2760US POULT EGU =, 10U9t008 


ELEMENTAL K ANC Z MASS FRACTIONS HY ATORIC MHIMHER 6 5 oe (GARER & 46K7) 
i e ? 6 13 17 16 
097628-01 010286000 =. 21222000 §=« 2821000 =. , PAU B03 239687000 =. SHS PoUe 
96221001 =. 22832000 =. 18069000 = 29BPHO00 «= gH DPKSOL = _«g ZAT2U0PC = BS HHH OLS 


SOLUTION TIMES 
IVemavions = 11 Thee = 5.675 SEC. 


OPEN SYSTEM CHEMICAL KINETICS SOLUTION OUTPHT 

SURFACE Is SIC/PG 

MASS TRANSFER COEFFICIENT RnuLh = #6300000 

RWO V WALL JAMCE UE CY = 33747208 beeTPR « 233747203 


STATE ADJACENT TO THE SUMFACE « 2 « o 


VERMP & 2520.0000 DEG @ = 140N.0000 Nth x PRESS & 26.66895 ET~ 
Gas COnDENSEU Corbusite 
CNTHALPY - BTU/LHN wel 82 S30U6 etN00u mel S1 Stee 
QNTAOPY ~ ATL/LEM DEG & 22094900) 20ncr0 eoncon 
DENSITY - LAP/ETS 2341389000 o3n1 59000 
MOLECULAR WEIGHT 24,940) 20000 24 .9unt 


WET FORWARD PATE OF KINETICALLY CONTHOLLEL BEACONS 

(ROLES OF REACTION / ITT SURFACE AREA 7 TIME 7 RHOE Ut CMD 
1s oS3A26-05 22 e197MH1204 Se eSe1ns-n® as © 7h108 
6s 266291621 7s eSAS49076 Az o55036°2" 


he 9? 77NG 74 


RATIO OF FURWARL TO REVFHSE BIWETICALLY CUNTOULLED HHCLCUCTION HALES 
is e3h7TARC02 at e147A9002 Sz 22716008 ws elOTAICO> r= 22 LASe08 
62 = ,0732500% Fe 289939002 B= .37005e90 


CHEMICAL STATE ADJACENT To Tet SURFACE 
(MOLE FR FOP GASES = “OLECILES ¢ TOTAL GAS AOLECULFS 1 
@MULE FR FOR CONDENSED = QPRIKF COUDENSEL be 6 0 


SPECIES POLE Fk. Se riFS MULE FR, SPECTES POLE Bre SHeCIFS 
co? 0 269NG-01 we eBE8220N0 no 2) sA05eru ce 
a 74AG~1) ALA e2SO81217 cHSci se e646 15-31 co 
ce oFl227-21 ce ove 49-24 cs 37356276 ge 


cau e@1Uel-2* acct 2 53046-08 ALLLO je saenn acl? 
ath 32085-19 ALHu2 2219%7ene auu o2SeePetd acacre 
at202 280251-0° cee 250452-20 ceur oSSeetell ecuan 
cH 037382018 cHee Ss o32710-18 cH ©9705 chro 
cna 01$542-18 Ceci? eIARUI 012 creo PS ed arabe) crs 
cHe 2180%6-07 cu o81n20018 cane 289772207 Caren 
c302 29061A-12 Cemast 2Zh69~2290 cone 042499273 ct 
CLn3s1 78722008 cian Det eet? ctu cice 
Claresi e2919K-07 Chao oP OUR be ry cL2st CL SesT 
LI 627602006 wr edeTP4ot? “oD 48) 
202 oF1R20-16 way, ePLASbens on? wast 
Wo 216676210 nne o56502-19 esi ve 
n20s 200000 azu8 200000 9 e427 1934 os) 
03 012666-30 $1 107A 9-14 sie Peudheor% sis 
Cuno? 053058227 hut e190 OS o1S6 54097 Hees 
wo? 216327217 hos e501 AS=32 rele A ers hd crs 
cn2 eOhHAS214 can 007402015 cae Rites) csi 
can 021770017 cest 276110020 “S12 ol? TI 01h cate 
ato2 eS 3~12 caci2 294A25049 cance ehTSGH eS cece 
cus 2 982%9-11 ne o99THDenL 0? eTSGSM%OS cre 
cans 2 90870-1? Cane eBONAC ONT can eleulzere Cane 
Cue 2 70265-12 caus e7TMGOe10 ca lb PT e2l cen? 
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106 
200000 
non 


wou Fx, 
.onnou 
214553000 
22093S9-31 
«TSeel-02 
45640948 
oS 090218 
21h705206 
246140207 


oPFLST Ae 
ol 707.07 
011459.26 
016799207 
eTGneeers 
21%68 5209 
ob UU2.18 
oS S86u4 
elSThSee7 
2PINZ 2027 
oANhe2-32 
olrusee25 
0752 76.29% 
el 'e85216 
21 FH5215 
eh7Ol9.16 
+POSS.7 


SPECIES 


POLE Fa, 
TUL ras! 
4091-08 


1766-07 
2Si1208-25 
272285-06 


77215-0797 
242690008 
0299F 2018 
©32099-56 


2 PAAV1 208 
017095213 
03452223 
ovono 

eON0I 1-07 
259287219 
APPT 2018 


Sample Problem 3 


> In this problem, all options which require the input of thermophysical properties are utilized. 
The surface material option of carbon/carbon 901 is used. The edge thermodynamic state (2805.81°K 
and 12.778 atm) is input directly. Diffusion factors for 16 selected species are input. Preexponen- 
tial factors, activation energies, and temperature exponents are input for each of the eight possible 
kinetically controlled reactions, and inhibiting coefficients are input only for the three oxidation 
reactions. Finally, two frozen-edge temperatures and two surface temperatures are input to be used 


in lieu of the corresponding built-in temperature arrays. 


Be 0037223400 2805,6&1 pr 
2e 1ec6, 

ae 1500, 

4. 

Se 1200, 

€. 149%u, 

7. 

e. 5 

5. 1 HYHROGE? 1.bU6 

10. 6 CAkKROL 12.011 

11. 7 WITROGES 14.067 

12. & OxXYGES 16.000 

13. 9 FLUURINE 19,uu0 

14, 16 

Le c 0,¢9180CH 

16, co 1,691700C02 

Ur He 0, %693Un20 

14, we 1.026200 
19, 1 6.2 6 6-0 0 8 «6 
20, =94055945 26636245 15077542 


21. -94053945 36561045 14266142 
22. 2B -¥ 8 6 06 Ce 0 Oo 8 
23. “996 (040 21268545 €2626441 
24, =996 040 21222745 Guusn4ur1 
25. 28 UF. FO eS OS (Re 
26. “57797545 AOZRGF 45 B47TUCT SEL 
27, oS779794! 2024445 lE2 Ae 
26, ber oh 6. 0. C96. 6 6 
25. $26416945 22420245 77994441 
3G. $26416945 22374445 O6694741 
31. 106 %@ © 6 GF UG & 
32% NA 4D 14447645 5503041 
33, 0 G40 14419745 D263¢541 
34, at £ LSS oe Se 
3s, =22052945 21947445 7u55S2e41 
76. =22952945 2LEBET4S 66236341 
27, it. AOSD 2? we *é 
ae, “65139945 21121445 64131341 


39, 651459945 21070745 &55KSa41 
40, 323 © @ @ 6 © 0 8 
ui, 77999445 13E47ESO5S 491 B5041 


42, 77999948 33459745 262 4241 
‘ 3, 2 22.2 oF 8. v8 DS 
44, 104) Gen 259 TH4d BHSSG461 


4s, 104 046 235 1745 69166141 
we, fT @€¢ &. €© & Ve 6 
47, “119 N40 22236645 TEUSdb41 
we, “119 046 22184245 Ade94urhe1 
4S, , & F & @ e € BG 
50, L7INPAS46 13524445 44617941 
1, 17046546 14549745 51471641 
$2. i238 3 3 8 66 8 
$3, =83199945 392 7u45 14792542 
54, 8319994 292 1945 14678642 


Listing of Input 


a e.6 0.0 0.246 u, 
3.6752 
1.6865 1.0 
1.2470 
3.6376 
0.022683 
0.74920CH4 G.°%570CKh 
1,.29140CZH2 1.17469 
0.77490 O0.74930N0 
0.7397002 1.00900Cz2 
0 © O OQ OJENAF TAPE 7/71 3/61 
TABBEU4RSH7TS452546 TYABUI42 SON, 250001 


2696%1-3-23597445 794586342 2500, 600061 
9 9 O QO fJANAF TAPE 7771 43761 
92466B-3 61091545 464R5642 500. 250061 
362 19-3-186876+7 48469442 2500. £00061 
® © © GC GIANAF TAPE 7771 3761 
1 3253-2-30537046 GH4F794+2 SON. 250001 
2321126-3°4R199247 6A43F542 2500. FUNN6|1 
0 9 O QO OJANAF TAPE 7/71 3761 
4E144943"262 2146 65392542 S00. 250001 
665971-4"15517646 6537614? 2500. 6009.61 
9 0 GC GC OVANAF TAPE 7/771 5761 
240 1423-58964546 12341442 500. 2590.2 
21617R 93 13132647 12141642 2500, 6000.2 
9 0 UO G OUANAF TAPE 7/71 9/64 
71N9N7T$3"13679646 62393542 500. 25uNel 
LE2KT EH 7%9964 3164 62471942 2500. 600062 
0 f OO GO FUSNAF TAPE 7/771 127€€ 
ReanSE=3S 24L7E545 56719242 SON, 2590.1 
13F 1 3H-3"25923947 SET 1142 2500. 6UC061 
9 © OO A CUANAF TAPE 7/771 127€5 
BOSS Ze"4 24592945 Sig5uS4e2 500, 75006) 
277469945 &P7THRG47T 5UA4G1342 2500, 600061 
89 P OO AH NUARAF TAPE 7771 3/67 
1314 22-321975446 70367342 SuU0, 2590.1 
946575<4"146 34646 755442 PSOU, €00061 
0 9 © OO GJANAF TAPE 7/71 #761 
SN14K7-5"254705846 62750342 S00. 250061 
97232044=7A141145 63771742 2500, 6UNN!) 
6 © O 1 CUANAF TAPE 7771 3761 
TEISSURG AB2VUAR7THSSH 4S97P642 SOO. 2509061 
TEHE9E 417615947 49267242 2500. 600061 
Oo 6 OQ OO OVANAF TAPE 7771 9764 
GLERER eH HRE254646 92046742 SON, 250061 
FES241L “52793 0h4E 92044742 2500, 600061 
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PRUP. © 


1.02670 
6.3c149 
0.99616 
1.02530 
cv2 
-0.C02 
“0.002 
He 
“0en2 
-7.H2 
20 
=0.H2U 
9.20 
co 
29-09 
“0-00 
C*« 
0.08 
=7.C8 
CLK 
-06CLb 
=9eCLh 
th 
“Gere 
a-Neen 
ee 
oe Al 
we 0ehk 
rut 
sue ALN 
s0eALN 
ha 
euett2 
“0.12 
C 
=0-C 
=0.¢ 
ALCLO 
=9.AlLClLo 
-0«4LCLO 


ss. 
be, 
87, 
Sa, 
$5. 
60, 
61, 
62. 
62. 
64. 
«Ss, 
66, 
67, 
66. 
4S. 
Tue 
Tle 
72. 
73, 
4. 
78. 
7é, 
77. 
78. 
73, 
#0. 
61. 
a2, 
as, 
Ay, 
es, 
BE, 
a7. 
Ae, 
“Ss, 
90. 
Gl. 
s2. 
93. 
94, 
a5. 
96. 
97. 
3é, 
9s. 
100, 
101. 
102. 
103, 
104, 
10s. 
106, 
107. 
108. 
109, 
110. 
111. 


ba: 3 
D49199¢4u 
94919464 

& 2 & 
16939645 
160499945 

217 © 

“35€ ner 
~356 fei 
2274 1 
#1279990! 
2122 9°9e% 

113 2? 
o7HO2944s, 
o746 4996" 

4-23 5 
“1596 4964r 
e1SPS2 9 +t 

5 Se) x ae: 
61949645 
61999945 

115 #1 

42299645 
42999945 

1415 1 
799999446 
T99499464 

1213 1 

=-109 9994+ 
109949945 
1235 #1 
199499¢e5 
19999945 
113 2 
245999945 
242999945 

215 4 
@30954S94% 
= 30955966 

215 1 
= 312499945 
31399645 

2413 2 
296999905 
=96999945 

i 6 13 
164 7994, 
164 794546 

a ae 
119399906 
119964946 

i 6 £ 
32569445 
32°69945 

ae ee 

$14S94945 
14929965 


& G 0 
21409645 
21425345 

6 t uv 
4SFTOIES 
49R3SO%45 

6 0 Uv 
Pe S9a5e8 
24456645 
176 OU 
26451609 
A4GIEL ob 
17 100 
37995ne5 
37095044 
27 8-8 
52612745 
SPP 101e> 

1 noo 
2342nu45 
PaSs9BEed 

Ay 8 
34347145 
34292145 

5 UBD) a 
367950459 
S6791245 

1 2 A 
4ALE2245 
SH) 7TANES 

Ss uw v 
27N9ALSS 
26499845 

O750 So. 
$¢959445 
58942665 
$7 Oe 0 
1162346 
11623446 

& a J@ 
36 4617¢> 
$6352905 

* 0 uv 
50852945 
SOS 7TKe45 
33% 3 
24161905 
24199449 
wWeuéséft 
2749045845 
240350e5 
‘7. BY 
BETS4Fe5D 
BAbBTRES 
AY sa, 8 
SFS63465 
SSS 26945 


“o 7 oO 
65792Ue1 
€51944941 

vo 0 ovo 
is1everc2 
av71lilee 

0 0 6 
SISSESe1 
97054261 

Ca 
breodhet 
©SES23e1 

o nv 6 
15689142 
1435 4e42 
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116194-3-16192%+6 71397142 500, 2500.1 
9B9A89G-4-25324R45 71395742 2500. 600061 

0 9 GO @G QYANAF TAPE 7771 3764 
647977=4"49U23546 A7T7 2142 590. 250061 
620616=5-599958+6 87694142 23500, 6000.1 

0 9% © 0 AJANAF TAPE 7/71 9764 
589260-4-3615214+6 935 5942 500. 2590.1 
557732-5-2798414+6 935 2342 2500. 6000.1 

0 9 O O OJANAF TAPE 7/71 6/70 
961594-4-59317746 10875043 S00. 250061 
8R9909=5-4704G6A46 10674643 2500, 60061 

0 0 O O OQJANAF TAPE 7/71 6770 
186920-3-136336+7 16589243 500. 2500.1 
176772*4=111393+7 14558343 2500, 600061 

0 9 0 O OJANAF TAPE 7/71 6/61 
408600=5-93952746 10616343 590. 2500.1 
34642R=4"709 9346 166145435 2500. 6090601 

0 © 9 QO OGOUJANAF TOPE 7771 6/69 
307306=3-1255794+7 12068443 590. 259061 
279824-4-91339646 12067043 2500. 600061 

0 © 0 A CUANAF TAPE 7771 6/70 
P16BA72~-3-1A34NS4+7 12563743 500. 2590.1 
196840=8-279957046 12562843 2500. 600061 

0 9 O CO OJANAF TAPE 7771 67/70 
1ZAQAD~3-A5222446 12491443 500. 250061 
127695=4-67941746 12590843 2500. 6000.1 

C 9 O OO OYJANAF TOPE 7771 6770 
20A914=3=26692545 7137142 500. 259061 
157354=3 11259747 70129642 2500, €U00.1 

0 9 OO 0 OQJANAF TAPE 7771 5769 
512591-3-58991946 83648942 S00, 2509.1 
409 1=4=61416646 63628242 2500, 6099.1 

Oo fA O O fYANAFE TAPE 7771 12765 
350914 =3-62451246 87341742 500. 250001 
304924-4-43746746 27526542 2590. HUCOel 

© 9 OG Of GYANAF TAPE 7771 5770 
2124 26~3-61977346 GENE87T42 S00. 250061 
640 47-3 30859047 RAN7TOL42 POU, EU0Ne?) 

9 © GO O OJANAF TAPE 7/71 12769 
599491 3211276647 10062543 35ND, 250061 
435400=-4-826862+6 10951343 2500, 600061 

© © © O OYANAF TAPE 7/71 5769 
307225 -%106 AQ47? 10310843 500, 250961 
276268=4"73594946 1035 9543 2500, FUNC. 

0 © O O OYANAF TAPE 7/71 5/69 
413699=3=14684947 11364743 500, 250061 
3B72AZAV@-4=10382347 114562843 2500. F00C>1 

9 9 0 O CYANAF TAPE 7771 12769 
75A223~3 18756646 6A575542 500. 250Me1 
G4OT71L7T02R 242R654E 56561542 2500. 40001 

0 G 0 O QJANAF TAPE 7/71 12769 
100665-2244594946 81271242 500. 259061 
23U5UR=3-27024R47 A1247642 250, £09061 


ALCL2F 
=D eALCLPF 
-M.4LCLOF 

ALF 
“O02A4LF 
-0eaLF 

ALFO 
-0-ALFU 
=CefLFO 

ALF? 
-M.aLFe 
“OeALF2 

ALFS 
-M.ALE3 
-0eALF3 

AL2Fa 
=NeAL2F6 
-Oe4L2F6 

CCLFO 
-0.CCLFO 
-0.cCLFC 

CCLFS 
-04eCCLF3 
-0.CCLF3 

CCLeF2 
-9.CCL2F2 
-0.CCL2F2 

CCLSF 
-0.CCLSE 
=O .CCLSF 

cr 
-0.CF 
-0.cF 

CEN 
=0.CFN 
=96CEN 

CFO 
-0.CFO 
=%.CFO 

cre 
-0,cr2 
-0.CF2 

CF20 
-0.CF20 
-%.CF20 

cr3 
=-0.CF3 
=-0.CF3 

cFY 
=-9.CF4 
-O.CF4 

c2 
-0.C2 
-0.C2 

c3 
-9.C3 
-0.c3 


434, 
45s, 
456, 
457. 
458, 
4535. 
460, 
461, 
462, 
463. 
464, 
465, 
466, 
467 e 
468, 
469, 
470, 
471, 
472. 
473, 
474, 
475, 
476, 
477. 
478. 


4% 6 0 
231999+6 
23199946 

& 6 06 
23399946 
23399946 

2 1s 3 

=40N39946 
=373355+46 


639068, 
13177900, 
44160.3 
0125 
261 
0012 
2130 
290096 
252.67 


252.67 
53.681 


8 


0 0 0 
51212545 
51129045 

® @ 6 
65491245 
65379645 

& Oo 6 
84351945 
856587+5 


101676,95 


101676.95 
117282.75 


5418.31 
5418.31 


18,786 


a 
18889642 
20473442 

F oO 6 
24175242 
263 1242 

Oo ‘O %O 
28773142 
34622242 

0433 

0433 

25 
w05 
-e5 
725 
“5 

«054 

054 

2059 


0 © 0 O OJANAF TAPE 7/71 12769 
704455-3-1123465+7 94935742 S00. 250061 
5RO770=4-92316346 949 6242 2500. 400001 

9 © OO 8 OQJANAF TAPE 7771 12769 
944161-4"915236F4+7 10918443 500, 250061 
779193 =4=12764447 16914543 2500, 609061 

0 0 0 O OJUANAF TAPE 7/71 3/764 ALPHA 
223942 -2=11665%4+7 78629242 500. 2316.2 
1601A87-6 20479944 90874742 2316, 5500.3 


20001 


20001 
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c4 
-0.C4 
-0.C4 

cS 
=-9.C5 
-9.C5 

AL203 
“0.4L 202% 
0eAL203 


* 
* 
* 


Sample Problem 3 Output 


GRAPHITE SURFACE KINETICS (GaSKET) PRO, 3 0130000800 
RELATIVE ELFMENTAL COMPOSITIONS ATGMIC STS/UNIT MASS 
AT.NO. ELEMENT ATO"IC UT EUGE Gas SurRF ACE 
1 HYDROGEN 1.9Gan0 oUS674511 eV0uU000U 
6 CARCI 12.01100 ef 1L66E46 0000400 
7 NITRUGFH 14.u00700 eULAZ6297 -G000Cc0d 
8 OXYGEN 16.0000 0036779) 20909000 
9 FLUORINE 19.00600 eV002266 ~OC0d00tU 
106 GRAPHITE 12.01100 ~400N090 20632570 
ELEFENTS HYUROGEN CAREON NITROGEN OXYoRN FLUORINE | 
GRAPHITE 1 
BASE SPFCIES H2 co2 N2 H20 FH 
cC* 
UPOATE OF fFIFFUSION FACTORS 
SPFCIES OLFFUSTON FACTOR 
co2 1.29140 
He 2389350 
H?20 077490 
Ne 1.02620 
ca 1.01700 
Cc 2691280 
CH «74920 
CH4Y 293570 
CN 1.92470 
CaH2 1.17469 
H 239180 
N «74930 
NO 099019 
0 073970 
02 y,00000 
Cc? 1,02520 
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Sample Problem 3 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR, 5 SuOrnouesy 


COPRUZENE 2408482000 


PROPERTY RONTINE OUTPUT Th LE@RASS FT eSEC HTUCANT Lefont 
Tene visc COND boar ce $c 
088200008 =. B2262-08 =. 21966-08 =. 2 S¥VG-03 =. S8HHNHENH «=. Pe SeNenn 
ua mua MOL .6T mists corm Tite 
092000000 «= 20522002 «=. PUHZPO02 = .24SEH CO «=. 99M0DD  -vPTTTONS 


ELEMENTAL HK ARC Z MASS EHACTIONS HY ATOMIC MUMAFR « 6 6 6 (AMER 8 9h67) 
e ? cy ) 106 

220209000) §=—  AEDTACOD §=—«.«. BBDHZCOH §=«._ BANE = UU 

2 16878.00 216929400 2387 7Sece 2866 36-08 000 


SOLUTION VEFes 
ITERATIONS @ % vivr 2 2,058 SEC. 


OPEN SYSTEM CHEMICAL MIMETICS SOLUTION OLTPUT 

SURFACE 38 PC 903 

MASS TRANSFER COEFFICIENT ROUCr zs 29600000 

QMO V WALL JAWCE UE Co s 236569909 = AP RENE = 234509205 


STATE ADVACENT TO THE SUNFACE » - . - 


TEMP & 25920.0000 EG % = 1400,0000 LEG & PRESS = 12.77€00 ath 
Gas COMNFNSED composite 

CRTHALPY - PTU/LOR me2S210008 200000 e252 0eN8 

CuvRePy - BTL/LOM DEG 2 222778001 209000 nonon 
o1723+000 o17Z3n000 
26,0277 20tno 20.4277 


WET FORWARD RATE OF KINETICALLY COPTROLLED wEartrols 

(HOLES OF REACTION / UNTT SURFACE AREA / TIRE / HHOE UE CRD. 2 0 

2G =. 8OG2Z011 2262889910 Se 862277215 Se BNROMOTE «SE 572ETH21 
Ge B28NG20 Pe 62102M925 Be =o 1493-27 


RATIO OF FORWARD TO REVERSE WINETICALLY COPTROLLEN PRONUCTION 44ATES 
Be 8 =.20%0800S 22 = 420HNRCOS Ss 8 4O1h33005 Gz 4 2UNeEONe Se 41685605 
6a =.39606007 Ta 8 .30961002 Az .35290000 


CHERICAL STATE ADUACENT To ThE SURFACE 
(MOLE FR FOR GASES = MOLECINES / TOTAL Gar FOLECULES » 
(POLE FR FOR CONDENSED = BPRINE CONCENSEL be 6 oo 


SPECIES MOLE FR, SPECIES POLE FW, SPECIFS 
w2 23765000 20 e280 703000 ce 
co e212 70000 c 01222%-21 wo 
cer 03650006 Cuno o@241Seu7 cho 
chs 043417209 che 8MHEC—NS cn 
CéH 22306916 Cane 294292011 Cane 
can2 o2065S=16 c20 oM2E06016 c3u2 
con? 20010-2585 » S0250-06 ro 
HNO S 20588226 vo2 eS17Ie016 “an 
HN 221726-0¢ HON? ‘ 
w20 017162215 n2o3 ° 
cans ©7336%-15 ce C3H2 
C35HS 220672015 62 22957 <28 cKe 
curs 013292218 cHar2 99991015 CHF oO3290-11 care 
care 093265-36 Cane 265967=19 F 026 589212 ene 
eno o20S22-108 FNO2 274180296 FNOS evonoe FO 
ean ©20879-28 F2N2 TR oT6REHWSS 20 eR2145~46 FSR 
ce o?7779°19 CEN 279A70035 cro 016925-12 cre 
ces 258321-23 cee 081522028 c? ot SRAz- 26 cs 
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MOLE FR, 
200000 
020168-07 
231559-08 
2606869-18 
012399-10 
220190215 
256068212 
011257.08 
2925€0-15 
266869215 
011281-19 
250361-17 
260764~-28 
235554216 
260793-22 
2545629259 
o 35902618 
o43170-27 


SPECTES 
Fr 
nos 
cua 
cao 
c2anso 
con 
¥no 
w2n2 
No 

02 
c3ms 
CHFO 
C2F3n 
FR 
02 
FINO 
cr2c 
ce 


©39607-20 
216695-27 
209090 

01203011 
19868-3535 


Sample Problem 3 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) SOLUTION 


DERIVATIVE PROPERTY OUTPUT 


CP-FROZEN CPeEQUIL OUNMZOLNT TUN ZOLNP Gamera 
©46249+00 265564400 -,99470-01 «441355-02 11752001 


PROPERTY ROUTINE OUTPUT IN 
Teme vIsc 


LBE=MASS FT SEC eH TUeAND NEG=R 


coNU 


Orar PR sc 


«50505+04 051724-04 2 39560-0904 «70050-0383 260777400 0725735400 


MUL mu2 m 


OL eWwT 


TIL ceric HTILe 


90353400 024443402 2235866402 -.78863403 254565400 -.90189403 


ELEMENTAL K ANO Z MASS FRACTIONS HY ATOMIC “IMAER « 6 6 «© (GANEX = 2667) 
7 


1 6 
«37025-01 +20256+00 
249537-01 «188674400 


SOLUTION TIMES 
ITERATIONS = 38 


6 9 106 


«17410400 226200400 243097-02 «90000 


2169294 


no 225778000 +G6A56=92 200040 


TIME = 15,4699 SEC. 


CLOSED SYSTF4 EQUILTARIUM SOLUTION oTPUT 


MASS CONDFNSEO/MASS Gas = 
TEMP = $050.4579 DFG R, 


ENTHALPY = RTU/LBEM 
ENTROPY = ATU/LAM LEG R 
DENSITY - LAN/FTS 
MOLECULAR WEIGHT 


CHEMICAL STATE (MOLF FR, 


SPECIES POLE FR. 
212957400 
«14795400 
+61978-11 
+20108-06 
21A693-12 
48730614 
27272224 
#11660-07 
+30976=06 
«70996<07 
21207+19 
027993-21 
o12704-18 
«39976-30 
+ A70AS-10 
«57401017 
o1l@7Al-11 
272827-19 
6 24395-32 


00000 


= 250 


5.9100 OFG K. PRESS = 12,77600 at 


Gas COHWUFNSEU COMPOSITE 


10589004 on0u0 219569004 
2e5h24U1 200000 226582401 
82678-01 #A267H-01 


245,0n60 20900 25.8640 


= ANLEC 


SPECI 
He 
co 
cH 
cHs 
cew 
cana 
can? 
hNOS 
nS 
ne 
Céehs 
C3HS 
CH2F2 
C2HE 
ENO? 
Fane 
CFR 
cre 


ULES 7 TOTAL GAS PHRASE MOLECHILES eoeee 


Es MOLE FRe SPECIES MOLE FR. SPFCIFS MOLE FR, 
«10109000 20 oS2744400 ce 290000 
227292400 c o7773R-11 40 267376-02 
22277506 cHNO o11414-06 cHo +24462-05 
+23200-09 CH 013789-99 cr 2175712058 
oS1459301% C2H2 269146-1> cane 2227H5 215 
288705914 c20 9446611 cs02 254115213 
017814025 4 0735962-n2 iN +663530-06 
754432012 402 053589-96 42N 284655-06 
212701205 HON? eAD SSSA -39010-06 
oSB22R-07 n2u3 o377351-15 231561203 
e25796-15 C3" 202180-18 29627019 
o4B2Al~?l F2 eM Suse 14 229473212 
+72542-16 CH3F «54603413 «338345222 
#13616-16 F 017095-<05 #11542-086 
94423015 FNOs 220093-71 2 F2D44010 

ra o11121-71 F20 23175918 295160-25 
17162-1311 cr 0 2465H 208 261495214 
#42956-27 C2 e S493KO1K «55451-20 


SPECIES 
FR 

wos 

cH2 

cro 
c2aneo 
C4h 

HNO 
bane 

MC 


MOLE FR, 
oS4117-02 
2394604138 
66 3S2465-11 
2 39465-08 
210718418 
229314-23 
+ 38495-06 
+22739-10 
274492003 
o41419-08 
© 58948-20 
28a TH0R 
228254426 
oO797201) 
«32461412 
01739229 
275542611 
0 88BR5~26 


Sample Problem 3 Output (Continued) 


GRAPHITE SURFACE KINETICS (GASKET) PROR, 5 vousc00e00 
OERIVATIVE PROPERTY OUTPUT 
CPeEQUIL §«=OLNM/OLNT «= DLN OL NP Gunna 
019183401 -.27575400 «=. 44135-02 — , 1NTUDeNT 
} 
PROPERTY ROUTINE OUTPUT IN LB-MASS+FTeStECeRTULAND OEG-R 
Tone vIsc cond yar PR se 
018000604 = .26207-0% =, 16470-04 = .15753-05 = 61201400, 72ST SoU 
mul Mu2 MOL WT HTIL cere +TILe 
090553400 9244465402 2235866402 -.24210004 «44749400 4, 24385004 
ELEMENTAL K ANO Z MASS FRACTIONS BY ATOMIC NUMHFR « 6 « + (GAMEX = 4667) 

1 6 7 & 9 106 
+37025-01 +20256+00 =. 17410400 28200009 .43097-02 =, vounn 
299537201 «=. 18874400 =. 16929400 = DHT7TS4OD «=. HEBRE=MZ sg ODNUI 

SOLUTION TIMES 
ITERATIONS = 38 rime = 2732 SEC. 
CLOSED SYSTEM EQUILIBRIUM SOLUTION IUTPUT 
MASS CONOFNSEO/MaASS GAS = -00000 
TEMP = 1800,0000 DEG X, = 1000,0000 CEG K, PRESS = 12.77400 aT 
Gas CONDFNSEO COMPOSTTE 
ENTHALPY = ATU/LBM =e 2u 353004 00000 224505004 
ENTROPY - BTL/LBM DEG H 222222eu1 00000 922227401 
DENSITY - LOP/FTS 223196400 oP S199009 
MOLECULAR WEIGHT 23,8660 .0un0 25.8660 


CHEMICAL STATE 


SPECIES 


co2 
N2 
cH 
CH20 
cN2 
can 
C4H2 
HNO2 
H202 
NO2 
C2H6 
cane 
CHFS 
care 
FNO 
F2N 
cr 
crs 
cs 


NCN 


TR 


POLE FR. 
212957400 
214795400 
©61976-11 
+20106-06 
016493-12 
248730014 
+727A2-24 
+11660-07 
+30976-06 
+70996-07 
+21207-19 
227923~2) 
01270418 
2 39976-30 
+67085-10 
©57401-17 
o167A1-11 
+72827-19 
224395-32 


(MOLE FR, 


= MOLECILES 4 TOTAL GAS PHASE 


SPECIES 
re 

co 

CH 

CHS 

Cau 
Cane 
cane 
HNOS 
HEN 

N20 
Cans 
C3HS 
CH2F2 
CHF 
Fuce 
Fen2 TH 
CEN 

cre 


“OLE FR, 
e1U109e70 
«27292400 
022775 =96 
625200209 
eOLS25015 
eb 8705014 
eh T314=295 
24432012 
12702-0905 
eSBP 29207 
225746015 
e4OEALW21 
072542016 
2 13516-1646 
2944235015 
ell? 1-al 
e17LA2e11 
«42456022 


SPECIES 
20 

c 

CHC 
cu 
cen? 
c20 


MOLECIN ESD eaee 


MOLE Frey 
oAeTaberd 
o 777356011 
e1ll 414-06 
el 3S TAY=N9 
abo ihente 
WU KGATL 
oTA4E ZO 
25 S5R9-06 
65355916 
oe * 77351215 
62 1AbATe 
FL S0GH 14 
S460 %H18 
217095495 
2 20093-21 
e281 7S1A 
4 P4KSP AH 
a SUSE ATA 


SPECTFS 
ce 
40 
chu 
cK 
tens 
csoe 
an 
42 he 
v 

9 
care 
cH 
Care 
Fee 
£0 
eS 
Fo 
cs 


POLF FR, 
200000 
407576202 
2 246462-05 
1 7571-08 
2c 189015 
@SPLLS-15 
ane oSu-u6 
A4655-06 
2 3901U-96 
2351561295 
e2BH2TAD 
2 2H4 75-12 
«5 S6 55-22 
211542208 
292544210 
©95160-25 
eALG9S A184 
255451220 


SPECIES 
FH 

nos 

tHe 

creo 
Carneo 
Cah 
eNO 
MON? 

No 


MOLE Fa, 
«S411 7-02 
3940-13 
2635205-11 
+39%65-06 
210718-16 
229314423 


258988-20 
«28647-08 
PAZ 1426 
B79 2011 
© 32961-12 
+17392-29 
«75582611 
~BARAS~28 


Sample Problem 3 Output (Concluded) 


COmFROZEN= =, 49304490 


PROPERTY ROWTINE OUTPUT IN LeehasSeFTeStl eo tueall Uf Gen 


TEMP vISc Cone User eh SC 
| 221600404 22696 2-04 2196 U 5-04 alot naetd eDePCSeru a Terer ere 
mut m2 ¥OL rae Crit wate 
2923463400 224500002 ePhLbbele 24124404 eST7TTS AOU oe 2erde els 
ELEMENTAL K BNC 2 MASS FHACTTONS BY ATOREL SU Ab ow gw CADE = ebATD 
1 e t ” 4 1u6 
233689-01 220301+0u eleouiesu edoldaenc es LaR eve tGo00 
o49537=01 «18874409 eles2yenn eDA77SeO0 athe dba 2 HOONG 
SOLUTION TIVES 
ITFRATIONS = 9 TI*t = 2.474 SEC. 


OPEN SYSTEM CHEMICAL KINETICS SOLUTION UuTRLT 


SURFACE IS PC 901 


"MASS TRANSFER COEFFICIFNT ROC = weheoreeo : 
RHO V WALL/RHCE UE CM = eTHRESH12 rPRINE = + 7THAAS HL? 4 
STATE ADJACENT TO THE SURFACE 6 ee « 
TEMP = 21369.0000 DEG R = 1209.0709 Ute K PRESS = 12,.7740F ata 
bac CONPEASFD COMPOSITE 
ENTHALPY - BTU/LAM =e SEU ONEUY 200000 = 270050004 
ENTROPY = BTL/LBM DEG KR 227R3040) 2900Cu eOuenn 
DENSITY - LBM/FTS 220401400 2204u1400 
MOLECULAR WEIGHT 25,1a59 .orne 25-1F59 


NET FORWARN RATE OF KIMETICALLY COM TROLLED Pe acTIONs 
(MOLES OF REACTION / UVIT SURFACE APEA / TIME 7 SHNE UE CHP. 2 ew 
255064295 SE 


i= 234146214 2= oS5AQS1-13 3 eO2H55-19 GE 2 24922025 
6 -612957-25 T= 6114 72-51 A= 64127934 
RATIO OF FORWARU TO REVFNSF KINETICALLY CONTHOLEFD PEO UCTLOr FATES 

1s 28142602 2= =. 78142402 eT9196403 YE ,2H1U2en>? Sz 211253402 

6= 41637402 T= eFA92C204 b= 230936296 

CHEMICAL STATE ADJACENT TO THE SURFACE 

(MOLE FR FOR GASES = “DLECILES / TOTAL GAS MOLECULES ) 
(MOLE FR FOR CONDFNSED = GRRIFE COMLENSEL De « ew 

SPECIES WOLE FR, SPECIES SOLE FR, SPECTES rOLr FM, SPECTFES WoL! FR, SPECTES POLE FR, 
co2 223954400 He 21822K400 #20 2 265UGeN0 ce Gunde Fe o55127-02 
N2 «15102400 ce +1BRNUsND ¢ eSD7RG25 40 «74617209 nos 212043036 
cH 239086-22 Ch 2 39URE-06 CHUL 081997207 cho 234116-09 cre o12011-16 
cH20 «37568-046 cH? *52203-09 C44 ole rdsend ch 2SU 151216 cro 033417018 
CN2 NCh 165656-21 cee 214995-17 L2H? e222 202090 cone 247119209 coK4O 023390-16 
C2N 045449221 Cane o11422<14 C20 eTK 898217 care 220696215 C4H 017055-25 
Cun2 216041-21 Core 235552295 + o21445-n7 4h 29694214 MMC oS6SA7-15 
HNO2 TR 10929-1848 HNOS 190TH =28 462 22691219 4h 217257-99 w2N2 221887215 
H202 914108-18 weSp 2 DENFI=046 ba? efS471 e106 . eHOG7T9L18 sO 12767211 
NO2 #1012020 N20 12054-1585 s2us eSi9T S87 Q «43012.16 n2 238385216 
c2He +39598-09 caus «1b%22-14 cts 2151 28=2u 3K 2P5027220 C®HS 44776017 
C3He 2 76066-15 C3KS e23645~18 te lh O12227 cee el O17.18 CHEO 11720208 
CHES el4h02-1A8 Chere 1087214 Cuse e4onStely cate 0 TSPHEL80 COFSN 2 37285-26 
care 469946-35 Cer 2114 454-14 ‘ e146 457216 Fae 2112750218 FN «53509226 
FNO #11712-21 Fue S470 282 ERG eUuroe ae 255276226 Fce 014025-32 
F2N +53520-32 FAN2 Th «77E1b=*A Ft ebunte Fer uroou F3NO 00000 
cr «27BAS-21 CFr eb BE T4 RTE re et eu Lele cre Veeereagy creo 69195212 
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